
i



.D.L



975

[CD

STATE OF CALIFORNIA

The Resources Agency

partment of Water Resources

SCIENCES

LIBRA'

MAR 2 9 1972

BULLETIN No. 147-5

Ground Water Basin Protection Projects

SANITARY LANDFILL STUDIES

Appendix A: SUMMARY OF SELECTED

PREVIOUS INVESTIGATIONS

JULY 1969

UNIVERSITY OF CALIFORNIA
DAVIS

OCT 2 1969

LIBRARY

NORMAN B. LIVERMORE, JR.

Secrefary for Resources

The Resources Agency

RONALD REAGAN
Governor

State of California

WILLIAM R. GIANELLI
Director

Department of Water Resources

1I.C.D. LIBRARY





STATE OF CALIFORNIA

The Resources Agency

Department of Wa ter Resources

BULLETIN No. 147-5

Ground Water Basin Protection Projects

SANITARY LANDFILL STUDIES

Appendix A: SUMMARY OF SELECTED

PREVIOUS INVESTIGATIONS

Copies of this bulletin at $3.00 each may be ordered from:

Office of Procurement
DOCUMENTS SECTION
P.O. Box 20191
Sacramento, California 95820

Moke checks payable to STATE OF CALIFORNIA.
California residents add 5 percent soles tax.

JULY 1969

NORMAN B. LIVERMORE, JR. RONALD REAGAN WILLIAM R. GIANELLI

Secretary for Resources Governor Director

The Resources Agency State of California Department of Water Resources





FOREWORD

This appendix summarizes some of the work that has

been conducted, primarily by other agencies, on the subject

of sanitary landfills, with emphasis on studies in Southern
California on the effect of landfills on ground water quality.

The work is part of a larger Department study on landfills
which is scheduled to expand in I969 on a cooperative basis
with local agencies. Information contained in this appendix
will be basic to the continuing studies and is subject to

modification as the studies develop. From the larger study
will come the text for Bulletin No. lU7-5j which is intended
to answer some of the questions raised by previous investiga-
tions, particularly on formation and movement of gas and on
landfill construction and operation techniques.

The bulletin is one of a series reporting the re-

sults of investigations authorized by Sections 12922 and
12923 of the State Water Code, known as the Porter-Dolwig
Ground Water Basin Protection Law. This law provides that
the Department of Water Resources shall study measures for
the protection of the grovind water basins of the State from
water quality degradation.

In the investigation reported here, the Department
received valuable assistance from a number of state and local
agencies, private organizations, and individuals. Particular
recognition is due the County Sanitation Districts of Los
Angeles County; Messrs. Harold E. Bender, Albert Wise, and
William Ellis of the Azusa Rock and Sand Company; Dr. William
D. Bishop and Dr. Teng-chung Wu of Engineering-Science, Inc.;

Professor Robert C. Merz of the University of Southern California;
the City of Glendale, the City of Azusa; and the Los Angeles
County Flood Control District, Their cooperation is gratefully
acknowledged.

William R. Gianelli, Director
Department of Water Resources
The Resources Agency
State of California

May 16, 1969
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CHAPTER I. INTRODUCTION

ore than U5,000 tons of refuse are pro-

uced daily in California at an average

ate of about U.5 pounds per capita per

3^1^ J^, Unless safe, practical, and

fficient methods of waste disposal are

stablished and practiced, there is a

lear and present threat of ijnpainnent

c the waters of the State.

!he term refuse, as used in this report,

"efers to solid waste material result-

jig from normal cominunity activity,

it present, there are three main tech-

liques for the disposal of refuse: in-

;ineration, disposal in open dumps, and

iisposal in landfills. Incineration

my contribute heavily to air pollution

md is prohibited in many areas. Open

iumps are unsanitary sources of disagee-

ible odors and are breeding grounds for

riies and rodents. Landfills are the

nost useful and effective.

Sanitary landfills, when properly op-

arated, are clean and nuisance free,

Doth during the filling operation and

after completion. This is demonstrated

oy a number of landfills in the Los

Angeles area, including the Palos Verdes

Landfill (now partially covered by an

arboretum), the City of Burbank Muni-

cipal Landfill, the Scholl Canyon Land-

fill of the County Sanitation Districts

of Los Angeles Cotmty in Glendale, and

the Mission Landfill in Sepulveda, all

operating successfully in choice resi-

dential areas.

^References to the reports listed in

Attachment 1 are designated in the text

by Arabic numerals in parentheses.

The potential pollution of ground

waters by the products of landfill

refuse decomposition is a problem

faced by many large communities in

California. Uncontrolled dumping

still occurs. Many of these dump

sites are in or tributary to areas

overlying ground water basins. Ground

water basins supply more than half

^

the total water developed for use in

California and are of prime importance

to the economy of individuals, commu-

nities, and the State. They must be

protected.

Objectives and Scope

of the Investigation

Accordingly, the Department of Water

Resources has undertaken a study with

the objective of developing plans for

protecting the ground water basins

from possible impairment by refuse

that has been disposed of in sanitary

landfills. Before plans can be for-

mulated, however, the production and

movement of leachates and gases in

various types of landfills must be

thoix)ughly understood.

The objective of this appendix is to

summarize some of the work that has

been conducted to determine the ef-

fects of solid waste disposal on the

quality of underlying ground water.
^

This information, which will be avail-

able to agencies concerned with land-

fills, will be utilized in the con-

tinuing studies of landfills which will

be carried on in cooperation with lo-

cal agencies.

1-



Conduct of Investigation

A search was made of the technical
publications. It was found that the
studies reported by Engineering-
Science, Inc., (1^, 16, 17, 18, 19,
20) the Great Britain Ministry of
Housing and Local Government, (3)
and Professor Robert C. Merz of the
University of Southern California
(6, 1 , 30) were particularly valu-
able.

In this investigation, data were col-
lected by the Department at a number
of landfills between I962 and 1965.

Among the landfills studied, the Azusa
Experimental Landfill, the Scholl Can-
yon Landfill, and the Valley Refuse
Transfer Station, Inc., Waste Disposal
Facility are the most important. Test
facilities were also established at the
Spadra Landfill site. Landfills for
this study were selected on the basis
of the geologic conditions underlying
the sites and hydrologic features, in-
cluding water application by precipi-
tation and irrigation, and ground water
presence and movement. The geologic
conditions that are conducive to pol-
lution are presence of highly pervious
alluvial intervals from fill to ground
water body and location of fills in can-
yons that are tributary to a ground wa-
ter basin.

Azusa Experimental Landfill

The Azusa Experimental Landfill, a small
test refuse landfill, is located in the
northeast gravel pit of the Azusa Rock
and Sand Company near Gladstone Street
and Irwindale Avenue in Azusa, as shown
in Figure 1. Also shown is the H.and-
fill operated by the Azusa Rock and Sand

Company. The San Gabriel River to tb
northwest and Little Dalton Wash to
the southeast are the principal streai
in the area. Drainage is generally
southwest. Low relief and a south-
westerly gradient of about $0 feet pe:

mile are characteristic of the area.
Elevations at the site range from 505
to 5J4O feet above sea level at the ri
of the pit to about 320 feet above se.

level at the lowest excavation.

This site was used jointly by the
Department (to determine the effects
refuse decomposition products on under!
lying ground waters) and by Engineeri^
Science, Inc., (to determine the move-I
ment of gases produced by decomposing f

refuse) . Engineering-Science was under
contract to the State Water Resources .

Control Board (formerly the State Wat
Quality Control Board).

The experimental landfill site was se
lected and refuse was placed in the
spring of I962. The refuse, amountini
to 22,950 cubic yards (1|,290 tons),
consisted of newspapers, magazines,
rubber tires, grass and shrubbery, gla,
bottles, plastics, porcelain and chin;
ware, tin cans, and a small amo\mt of
garbage. Refuse was placed in three 6
foot-thick layers, each separated by
a silt layer 6 to 10 inches thick. Th
completed fill was covered with a 16-
inch layer of silt.

To determine the effects of decomposi-
tion products on the underlying groTind
water, three wells were drilled by the
Department. The effects on ground wa-
ter quality caused by the experimental
landfill and Azusa Rock and Sand land-
fill were observed by monitoring the
test wells and various wells in the ar«
for minerals and free CO2 concentra-
tions ,

-2-

i



^1 ^-
•^ !*

„««. !: AzusA i

EXPERIMENTAL LANDFILL

AZUSA ROCK AND SAND CO. LANDFILL
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Figure 1. - AREA MAP - AZUSA EXPERIMENTAL LANDFILL

EPARTMENT OF WATER RESOURCES, SOOTHERM DISTRICT, l»69
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Scholl Canyon Landfill

The Scholl Canyon Landfill, Landfill
No. U of the County Sanitation Districts
of Los Angeles County, is in the San
Rafael Hills at the end of Glenoaks
Boulevard in Glendale, at the south-
eastern end of the San Fernando Valley,
as shoim in Figure 2. The landfill site,
with a total area of about 175 acres,
occupies the upper reaches of Scholl
Canyon and an unnamed tributary canyon
entering from the north. The area has
a typical steep-sloped mountain relief,
with elevations ranging from 600 feet
above sea level at the canyon mouth to
about 1,900 feet at the highest level.
Elevations at the landfill site, on the
caiyon floo'^^ range from 9^0 to 1,14.00

feet above sea level. Drainage is gert,

erally westerly to Sycamore Canyon ana
then to the San Fernando Valley.

This site was selected for the stucfy
and evaluation of conditions accruing

,^

from irrigation (water application) oi

,

a refuse landfill.

Several wells were placed at the down-
stream edge of the landfill to allow
interception, sampling, and analysis o
leachate derived from the irrigated
fill. Periodic mineral, sanitary, and
heavy metal analyses were performed on
samples from these wells over a period
of h years.

-h-



Galley Refuse Transfer Station, Inc.,

3 Disposal Facility, hereafter re-

3d to as the Mayflower Landfill, is

Live Oak Avenue and Peck Road in

City of Monrovia, as sho'w'ii in Figure

Extensive residential areas extend

\j Refuse Transfer Station, Inc.,

te Disposal Facility (Mayflower

idfill)

north and west from the site, and an

abandoned mobile home park is located

partially on the completed fill. Num-

erous gravel quarries are in the vicin-

ity; a few of them are used for refuse

disposal and several are used for spread-

ing water to recharge the ground water
basin. Principal streams in the area

include the Rio Hondo and a tririutary,

Sawpit Wash. Draiaage is generally

southwest.

Figure 3- AREA MAP -MAYFLOWER LANDFILL

HTMENT OF WATEH RESOURCES, SOOTHCW* WSTRtCT, |M>»

-5-



This site was studied to determine the
extent and severity of pollution brought
about by inundation of the refuse due
to spillage from water truck loading,
street drainage, and ponded rainfall.

Three wells were drilled by the
Department to determine the severity of
ground water pollution. During the
drilling, gas samples were collected
at 20-foot intervals from the adjacent
alluvium for analysis. Upon completion
of the wells, ground water was sampled
and analyzed for mineral and free COp
content. Selected wells throughout the
area were also sampled and analyzed to
establish general background quality.

In addition, a number of shallow wells
were placed adjacent to the landfill

to determine the areal distribution
aases in the surrounding alluvium pri

duced by the decomposing refuse, Pe:

iodic gas samples were obtained to
determine the magnitude of changes
distribution and composition.

Spadra Experimentiil Facilities
!

The Spadra test facilities are locate'
at Landfill No. 2 of the County Sani-'
tation Districts of Los Angeles Count
which is near the City of Pomona on
Valley Boulevard in Walnut, as sho-^n
Figure U. The site, covering 128 acr
is in a canyon tributary to the narrcr
formed by San Jose Creek and San Jose
Wash, which separates the Puente and !

Jose Hills. Moderately sloped hilly

scale: I iMCH= r/2 mili

Figure 4-AREA MAP-SPADRA EXPERIMENTAL TEST SITE

DtPABTMEUT OF WXTER RCSOUMCU SOUTMEHN DISmiCT, 1969



;f typifies the area. Elevations

; from 660 to about 76O feet above

Level at the site. Drainage is

isouthwest.

site was used jointly by the Uni-

Lty of Southern California to de-

Lne maxiimim placement density and
2quent shrinkage of refuse and by
Department to determine gas produc-

and composition. The University of

riem California studies were con-

d by Professor Robert C. Merz and

Ralph Stone, under a research grant

the National Institute of Health,

refuse test cells, each ^0 feet

re and 20 feet deep, were constructed
he Spadra site. Each cell has an

rvation well (Ul; inches in diameter)

he center of the fill, equipped with
gas-sampling probes, one extending

et into the side of the cell and the

r projecting 2 feet into the bottom,

les from the cells were analyzed per-
cally to determine the composition

he gas produced by the decomposing
se.

Summary of Findings

Refuse was produced in California at

te of about U.5 pounds per capita per
amounting to approximately U^jOOO
in 1966. Mast of it was disposed

n sanitary landfills.

Ref\ise is composed of both organic

inorganic compounds. The organic

xDunds are decon^osed or stabilized
lerobic and anaerobic organisms to

le substances that will decompose no

her. These products of decomposi-
Iji include gases and soluble organic
*'^ inorganic compounds. If sufficient
r is available, these decomposition
iucts may be dissolved, forming an
20US solution, referred to as lea-

i

{, The quantity of leachate depends on
iter balance for each particular site,

;h is equal to the applied water
IS runoff, evapotranspiration losses,

moisture retention by the soil-

refuse complex (about 1 inch per foot).

Predominant materials leached from refuse

are organic matter, chloride, sulfate,

potassium, calcium, and sodium.

U. Gas production varies over a wide

range, with a maximrum carbon dioxide

concentration of about 90 percent by
volume and a maxim\am methane concentra-

tion of about 55 percent by volume as

determined by experiments. Production

quantities vary directly with temperature,

moisture content, garbage content, and

aeration. Dry refuse and saturated

refuse produce 0.035 and 0.210 cubic

feet per pound of dry refuse, respec-

tively, as determined experimentally.

Gas movement rates are estimated to be

0.22 to 0.8 feet per day vertically
and O.2U to l.U feet per day horizontally
in undisturbed alluvial soils.

5. Ground water is often impaired by
refuse decomposition products whenever

water is allowed to pass through the

decomposed material in such quantities

as to eventually reach the ground waters

of the area.

6. Leachate impairment of ground water
causes temporary increases in organic
material and permanent increases in

mineral constituents. Impairment is

typified by several-fold increases in

total dissolved solids, total hardness,

chloride, and sulfate. Such increases

may last several years.

7. Carbon dioxide effects on groimd

water are increases in hardness and bi-

carbonate. Depending on the pH after

carbon dioxide absorption, water may
become corrosive.

80 Pollution does not necessarily
occur at the same time a landfill is

constructed. Completed fills can set

for years before any effects on ground
water are detected.

9. Landfill sites can be classified on

the basis of their physical character-

istics and the various types of refuse.

By modifying a site—usually by the con-

struction of a physical barrier—the

-7-



ground water can be protected. This
protection may be great enough to up-
grade a site to a higher classification,

10. The main economic factors deter-
mining the feasibility of using a site
for a landfill are land, haul distance,
cost of construction and operation,
cost of providing protective works, and
value of land created by the landfill.

Conclusions

1. Products of refuse decomposition
will threaten to impair ground water
quality to various degrees wherever
refuse is deposited on land.

2, Landfill site selection, types of
refuse deposited, construction and
operation techniques, and use of the
completed fill may have considerable

impact on the quality of the under-
lying ground waters.

I
3. As the use of the ground waters oj

California increases with time, regulj,

tions on landfill disposal of refuse
will trend toward requirements for cor

plete protection, with increased use (

physical barriers,

U. To be usable, a classification
system for landfill sites should be
based on the degree of protection af--
forded ground water by the geologic,
hydrologic, and topographic charac-
teristics of the sites,

5. From an economic standpoint, the c

gree of protection provided for receiii

ing ground water should be governed bj
the decrease in economic value of the
waters as compared with the cost of pi
viding the protective works.



CHAPTER II. GEOLOGY AND HYDROLOGY

logic and hydrologic characteristics

sites were important factors in the

ection of landfills for this study,

ecially at the Azusa, Mayflower, and

oil Carcron landfill areas. A de-

iption of the geology and hydrology

the Spadra test site is not included

ause the study relates only to a dis-

;sion of several test cells which are

,ally \inrelated to the areal ground

.ers.

.zusa and Mayflower Landfill Sites

: Azusa and Mayflower landfill sites

the central portion of San Gabriel

.ley have similar geologic and hy-

)logic feat\ires as described in

jendix A- of the Department's Bulletin

lOU-2.
" For this reason, they

3 discussed together in the following

3tions

.

Jlogy

th the Azusa and Mayflower landfill

tes are underlain by a thick sequence

alluvial fill that constitutes the

eshwater-bearing sediments of the

in San Gabriel Ground Water Basin,

is Recent and Pleistocene alluvial

tritus, which is generally struc-

rally undefoiroed, extends throughout

e broad expanse of the San Gabriel

jOley. Its thickness ranges from a

ineer along the valley margin to

spths of several thousand feet in the

iterior portion of the basin. The

)urce of this Quaternary continental

jbris is primarily the basement com-

l.ex of the San Gabriel Mountains, which

re north of the study area.

relatively thin layer of Recent allu-

-um (Qal) mantles the underlying older

J.uvium (Qoal), as shown in Figure 5.

These materials are unweathered, uncon-

solidated, mainly coarse grained with

only small amounts of silts and clays.

They form coalescing alluvial fans in

areas of moderate relief, and they fill

the stream channels in the topographically

low relief areas.

Older alluvial detritus underlies a

major portion of the valley floor and

generally outcrops along the flanks of

the San Gabriel Valley. These sedi-

ments are highly weathered, unconsoli-

dated, and essentially coarse grained,

complemented by a lesser amount of fine

grained constituents. Surficially,

these sediments form dissected alluvial

fans and generally occur as low-lying

hills surrounded by Recent deposits.

The coarse and unconsolidated nature of

these sediments indicates high permea-

bilities, especially near the center of

the basin, where the sanitary landfill

sites are located. Their physical char-

acter, coupled with the absence of sig-

nificant structural barriers to flow,

suggests the existence of very favorable

conditions for percolation and infil-

tration of naturally and artifically

applied waters. Characteristics of the

alluvial fill forming the water-bearing

zone in the vicinity of the landfill

sites are presented in Table 1.

Hydrology

The discussion of the hydrology of the

Azusa and Mayflower landfill areas is

based on results of a study by the

Department. (5) The base hydrologic

period established by the study was the

27-year period from 1933-3U through

1960-61.

I
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S I £<fj Qoal
I

OuOER ALLUVIUi

CONTACT (DASHED WHERE INFERRED)

FAULT (DOTTED WHERE CONCEALED OR INFER RE

Figure 5.- AREAL GEOLOGY - AZUSA AND MAYFLOWER LANDFILL AREAS

TER RESOURCES, SOUTHERN DISTRICT, 1969

TABLE 1

CH \RACTERISTICS OF THE SAN GABRIEL GROUND WATER BASIN IN

THE VICINITY OF THE AZUSA AND MAYFLOWER LANDFILL SITES (5)

Transmissivity 1.5 million gal. /day/ft. width

Permeability 2,000 gal. /day/ft.

2

Specific yield 9-14 percent

Safe yield (total basin, 1960

conditionsl 100,000 acre-ft./yr.

Storage capacity 12,000 acre-ft./ft. depth

Total storage capacity 9.5 million acre-feet

Percolation rate 2 inches/hr.

-10-



o, 90-year normal seasonal precip-
,tion contours (1872-1962), published
the Los Angeles County Flood Control

trict's "Biennial Report on Ifydro-

ic Data", July 1, I96U, were used to

ict areal variation of rainfall to

ate continuity between these sites

the Scholl Canyon site.

er Supply . The average water supply

the 27-year base period was 3U3,300
e-feet per year. Average yearly con-

butions to the supply were: direct

cipitation, U7 percent; surface in-

w, 29 percent; subsurface inflow, 6

cent; and freshwater import, 18 per-

t.

:rage seasonal precipitation in the

Gabriel Valley varied with location

I elevation, ranging from about 16

;i ihes at Whittier Narrows to 22 inches

at the base of the moiintains. Figure 6,

an isohyetal map for the 90-year period

from 1872 to 1962, depicts the areal

variation in precipitation for the study

area. Lines of equal average seasonal

precipitation for the ^-year period from

July i960 through June 1965 are also
shown in Figure 6. A summary of yearly
precipitation and average for each sta-

tion used in the determination of the

5-year mean is given in Table 2 . Aver-
age precipitation for this 5-year period,
which is about 6 inches lower than the
90-year mean, indicates the drought
conditions prevalent in Southern
California throughout this study period.

Water Use . The San Gabriel Ground
Water Basin is a large and important
reservoir, not only as a source of

ground water, but also as a storage and

distribution facility. Nxmierous wells

Figure 6- AREAL PRECIPITATION - AZUSA AND MAYFLOWER LANDFILL AREAS

MTWflir OP WATEM RESOURCES, SOUTHERN DtST
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inetrate its alluvial deposits and

ctract water for domestic, industrial,

id irrigation uses. In I96O, an esti-

ited U30 wells produced 193,000 acre-

et of water from the basin. In the

une year, approximately ll;,000 acres

valley land were \mder irrigation,

id 56,000 acres were urbanized.

Lements of the water utilization and

Lsposal picture include consumptive

36, surface and subsurface outflow,

reshwater export, and waste-water ex-

3rt. The average seasonal water util-

sation for the 27-year base hydrologic

jriod was 350,800 acre-feet, 50 percent

which was consumptively used.

3r 18 years. Southern California has
id a drought, with an accumulated
ecipitation deficiency of 50 inches,
lis, coupled with rapid urban ex-
ansion, resulted in a water supply
sficiency of approximately 203,000
3re-feet for the 27-year base period,
lis deficiency was met by pumpage of
^-ound water in storage, with a result-
ig decrease in storage and declining
iter levels throughout the basin.
lis is evidenced by water level
sasurements in the test wells at the
susa Experimental Landfill site, and
b is shown in Figure 7. In addition,
real ground water level contoiirs for
Lstoric high water conditions in 19Uh
id I96I1. are depicted in Figure 8.

n general, areal water levels in the

icinity of the landfill sites have
eclined approximately 90 feet since

9lil;. During the study, water levels
n the Azusa test wells dropped 30 feet
rom December I962 through June 1965,
nd 125 feet from historic high levels
Figure 9).

Scholl Canyon Landfill Site

choll Canyon is an east-west trending,
oderately steep V-shaped valley that
ies in the southwest portion of the
an Rafael Hills within the City of
lendale. This canyon is approximately
-1/2 miles long and l/U mile wide. It

is drained by a westerly flowing inter-

mittent stream that is tributary to the

San Fernando Ground Water Basin.

Geology

The entire sanitary landfill area is

underlain and flanked by a pre-

Cretaceous basement complex (pKbc) of

faulted and fractured igneous and meta-

morphic rocks, as reported by Taweel(25)

and shown in Figure 10. Outcrops con-

sist chiefly of highly weathered gran-

ites, gneisses, and schists. This

bedrock is essentially impermeable and

nonwater bearing, even though small

amounts may be found within joints and
fractures.

Along the valley floor. Recent alluvium
(Qal) overlies the basement complex
from the landfill toe, which is a short
distance upstream from a debris dam,
west to the mouth of the caryon and
into the San Fernando Valley. These
deposits consist mainly of unweathered
sands and gravels with interbedded silt
and clay lenses. The coarse materials
are water bearing and will yield water
in appreciable amoiints, while the finer
sediments are less permeable and do not
transmit water quite as readily. Be-
cause these permeable deposits exist as

a thin layer in the vicinity of the de-
bris dam, underflow from the landfill
area is greatly restricted at that lo-
cale. It is possible that additional
underflow occurs through the Joints and
fractures of the basement complex.

Exposures of Pleistocene older alluvium

(Qoal) are found in the southern portion

of the study area, from the vicinity of

the mouth of Scholl Car^ron southeast

and then east, roughly paralleling Hill

Drive, where the older alluvium is in

contact with basement conplex rocks.

Recent detritus blankets the older

alluvial materials west of an align-

ment projected south-southwest from the

area near the lower extremity of the

canyon. These older alluvial sediments

are characterized by highly weathered
semiconsolidated to unconsolidated.

-13-
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Figure 10.- AREAL GEOLOGY - SCHOLL CANYON LANDFILL

OIPAttTMCNT or «AT|II MC90UIKCf, IOUTHCHN DtlTRICT, <t<«

Test facilities at the site were used to
determine the quality of leachate onlyo
Therefore, the hydrologic discussion is

limited to precipitation and applied
water (by irrigation), factors that
directly affect the production of
leachate

.

Precipitation . Water applied naturally
to the landfill comes from direct pre-
cipitation and runoff from precipitation
in the higher reaches of the watershed.
Direct precipitation contributes the
major portion of this water, since lined
drainage swales carry runoff downstream
of the fill and prevent percolation.

The average seasonal precipitation in
upper Scholl Canyon ranged from l8 to
20 inches, increasing from lower to
higher elevations, as shown in Figure 11.

Average seasonal precipitation for the
5-year period from July I960 through
June 1965 was about 13 inches. A sum-
mary of yearly and average seasonal
precipitation for stations used in the
determination of the 5-year mean is
presented in Table 3.

Irrigation . Water is artifically ap-
plied to the site for irrigation of
baseball diamonds on top of first-
completed portion of the fill, vege-
tative growth for face slope stability,
and the park area at the foot of the
fill. Bimonthly figures for irrigation
water for the period from October 1962,
when the fill was completed, to July 196,
are presented in Table U. Irrigation
water amounted to about 29.5 million
gallons, or an average of 820,000 gal-
lons per month, during this stucfy.

-16-



TABLE 3

PRECIPITATION DATA - 5-YEAR AND 90-YEAR AVERAGES.
SCHOLL CANYON LANDFILL AREA

In inches

Station

Year (July - June) 5—year

1960-61 1961-62 1962-63 1963-64 1964-65 average

90—year
average

1872-1962

'2..!

gle Rock Reservoir
26-2605-02*
L.A.C.F.C.D. #802-B

lendale—Jones No. 1

Z6-3450-01
L.A.C.F.C.D. #216

I lenda le—Mc Intyre

26-3450-02
L.A.C.F.C.D. #703

|:holl Debris Basin
26-8038-51
L.A.C.F.C.D. »1110

Idon Reservoir—Pasadena 7.59
27-6719-18
L.A.C.F.C.D. B678

Tepartinent of Water Resources numbering system presented in the Office Report. "Index of Climatological Stations in California,

I966". April 1966.
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TABLE 4

IRRIGATION WATER,
SCHOLL CANYON LANDFILL - STAGE I

In gallons

Period covered Applied water* Accumulated total

August-September 1962 5,250 5,250

October-November 1962 543,050 548,300

December 1962-January 1963 555,000 1,103,300

February-March 1963 2,272,500 3,375,800

April-May 1963 1,288,500 4,664,300

June-July 1963 2,856,000 7,520,300

August-September 1963 2,758,500 10,278,800

October-November 1963 930,750 11,209,550

December 1963-January 1964 1,180,500 12,390,050

February-March 1964 967,500 13,357,550

April-May 1964 1,422,000 14,779,550

June-July 1964 2,136,000 16,915,550

August-September 1964 2,031,750 18,947,300

October-November 1964 1,221,000 20,168,300

December 1964-January 1965 915,750 21,084,050

February-March 1965 1,194,000 22,278,050

April-May 1965 2,591,250 , 24,869,300

June-July 1965 4,556,250 29,425,550

Note: The landfill was completed October 15, 1962, and cover vegetation
was planted December 27, 1962. Water applied prior to December 27,

1962, was used for sideslope, stabilization, construction, and
irrigation of park.

Applied water quantities obtained from City of Glendale, Department of

Parks and Recreation.
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CHAPTER III. DECOMPOSITION OF REFUSE

ise contains materials that are

.cms organic and inorganic compounds,
organic matter present in common

jise (paper, vegetation, garbage,

,) undergoes natural decomposition
>iological processes. Inorganic

jrials (rock, concrete, glass, etco),

;h iindergo no appreciable decomposit-

are not included in this discussion.

The Decomposition Process

imposition stabilizes organic mat-

i.e., it breaks down the organic

ber to simple substances that will
Jampose no further. This process is

i:ied out by bacteria and other
pjroorganisms that use up the organic
.Iter and certain complex mineral
Btituents as nutrients. Biochemical
tptions, collectively known as respir-
;pn, provide chemical energy for syn-

iBis. Organic matter can be stabilized

•^lerobic or anaerobic organisms.
I

jobic Decomposition

!

sobic decomposition will occur when
ificient amounts of molecular (free)
:gen are available for use by bac-
iia. The source of oxygen may be the
;osphere or water containing a com-
ratively small amount of dissolved
:gen. Aerobic biochemical reactions
isist of the progressive oxidation of
1 organic matter by biota to produce
ibon dioxide and water, and the
idation of nitrogen and sulfur to
.'rates and sulfates

:

(carbonaceous\ + 02-»C02 f +

nitrogeneous 1

stilfurous /

1 + N2t+ nitrates + sulfatesj

Figure 12 depicts the cycles of carbon,
nitrogen, and sulfur in aerobic decom-
position. Nitrogenous compounds are
oxidized first to ammonia, then to
nitrites, and then to nitrates. Pro-
duction of nitrogen gas may occur by a
reduction process. Sulfurous compounds
are oxidized through a similar cycle to
sulfates. Carbonaceous matter is com-
pletely broken down to carbon dioxide
and water. This figure also shows the

dependence of each phase of the cycle
on the air and water reservoir. Free
nitrogen, which is not usable by high-
er plants, is produced in the decompos-
ition phases. Free nitrogen is oxidized
to nitrates, a fonn that can be used in
the life processes.

Anaerobic Decomposition

¥hen the air and water reservoir becomes
exhausted or devoid of molecular oxygen,
the respiration demands of aerobic or-
ganisms can no longer be satisfied and
the aerobic bacteria cease to function.
Their place is then taken by anaerobic
or facultatively anaerobic bacteria that
grow and liberate energy by dravdng upon
the oxygen of the organic material itself.

The cycles of nitrogen, carbon, and sul-
fur in anaerobic decomposition are de-
picted in Figure 13. Anaerobic decompo-
sition generally occiirs according to

the following equation:

[organic

compounds

(carbonaceous
nitrogenous
sulfurous

CO
'2I

+ CH^I + N2t + NH^

H2O —

sulfides!

Initial products of decomposition in-
clude organic acids, acid carbonates.

-19-
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Figure I3.-ANAER0BIC DECOMPOSITIQN - NITROGEN. CARBON. 8 SULFUR CYCLES
DEPARTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, 1969

Adapted from Gordon M. Fair and John C. Geyer, "Water Supply and Waste Water Disposal (21)
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•bon dioxide, and hydrogen sulfide.
: organic compounds undergo succes-

e decoinposition to ammonia, nitro-
humus, carbon dioxide, methane,

L sTilfides.

cycle continues as various end

hicts are assimilated by plants,

;h are used by animals in the con-

jiction of the organic waste matter

maintains the cycle.

)rganic compound is stabilized at

:ite that depends on its relative

]?gy level; that is, energy avail-

to support bacterial respiration.

any one point in time, various

imic materials are undergoing
)ilization at various points in

Lr respective decomposition cy-

I, Therefore, a composite of

many decomposition products is

iuced that is characteristic of

that partic-ular point in time.

)ther words, it is in a dynamic

tbe, continually changing.

Leachate

chate is a water solution consist-

of dissolved minerals and gases

ived from refuse decomposition
ough respiration reactions and from

uble material in the refuse. The

mation and movement of leachate are

cussed below.

mation

chate formation is entirely depen-
t upon the presence of excess water.

er not only has a pronounced effect
decomposition by providing a reser-

r for oxygen and other gases to

support the decomposition cycle, but
also provides transportation for waste
products. The water balance, or budget,
for a particular landfill will signif-
icantly affect the rate of refuse decom-
position, the production and character
of decomposition products, the movement
of leachate, and subsequent impairment
of ground water. The water budget is

defined by the following equations:

W = R + I + E
a

where:

I = M + M^^ + L
rs rr

then:

W^ = R + E + Mpg + Mj.j. + L

where: W = applied water

runoff

(1)

(2)

(3)

R
I =

E =

Mrs=

infiltration
evapotranspiration
change in moisture reten-

tion by soil
change in moisture reten-

tion by refuse
L = leachate

The following sections are devoted to

the quantitative determination of the
above elements of the water budget, ex-
cluding leachate, which will be dis-
cussed in detail in later chapters of
this report.

Water Application . Water can be
applied naturally by precipitation or
artificially by irrigation. Runoff
from adjacent areas is assumed to be
excluded from the refuse by drainage
facilities along the perimeter of the

fill. It is also assumed, for pur-
poses of this discussion, that the

fill will not be inundated by rising
ground water.

The amount of water applied to a land-
fill is a very important parameter in

the design of a landfill cover system.

Through the use of equation (3) above,

limiting quantities of applied water
can be determined for allowable quan-
tities of leachate. In a situation

where leachate could be disposed of

1
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safely, an analysis of historical rain-

fall records or, in the case of irriga-

tion, anticipated water application
rates, would be used to size leachate
disposal facilities.

Runoff. Transposing terms in
equation (l) above, gives an equa-
tion for the j^^termination of runoff
as follows t^^^^*

R = ¥„ - (I + E) (U)

The relationship between runoff and
infiltration is used to determine the
amount of applied water that infiltrates
the landfill cover. The following dis-
cussion is devoted to the determination
of infiltration characteristics and
rates for various plant-soil cover
systems. From this, the amount of in-
filtration can be calculated and in-
serted in equation (k) to obtain run-
off.

The rate and amount of infiltration
is dependent on the type of soil,
vegetative cover, moisture content of
the soil, slope, and quantity of
applied water. The type of soil
(grain size and decomposition) has a
pronounced effect on infiltration by
virtue of its characteristic permea-
bility - highly permeable sands and
gravels having the highest rates of
infiltration. Infiltration rates for
certain soil groups are presented in
Table 5.

TABLE 5

INFILTRATION RATES FOR BARE SOILS
IN INCHES/HOUR

(27)



1.5 2 25
RAINFALL (INCHES/HOUR)

Figure 14 - INFILTRATION WITH RESPECT TO RAINFALL INTENSITY

TMENT OF WATER RESOURCES, SOUTHERN DISTRICT, 196*

)m U.S. Bxireau of Reclamation, "Design of Small Dams".

TABLE 6

lEPRESENTATIVE VARIATION OF RAINFALL -

FILTRATION CURVES WITH SOIL TYPE, COVER.

\ND PRECEDING MOISTURE CONDITIONS ^ ^7

j

Dil type Cover
M value s^-

0.2 O.U Oo6 0.8 l."
Curve number

idy loam Turf 1 2 U 6 8

idy loam Bare 3 U 6 8 10
ayey loam Turf 2 3 5 7 9

ayey loam Bare 5 6 8 10 12

increases with degree of soil saturation,

e ^ oO + 1^ £qj. non-irrigated areas
1 = 10

^

M = e (60 + 1) + A for irrigated areas

10

such as parks, where A is allowance

for irrigation = 0,11
where: e = evaporation =

(0„9 - ^60 )

e annual

where: (^60) = pan evaporation for
preceding 60 days

(e annual) = mean annual pan
evaporation

'^60 = weighted preceding 60-day
precipitation as:

^60 = p(i-ii) + pCiii) + p( io-ili )
+

2 ~h^
p(l5-30 ) + P( 31-60 )TM 10
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The slope of the landfill cover has a
pronounced influence on infiltration,
which varies inversely with the degree
of slope. To reduce infiltration to a
minimum, the degree of slope of the
cover should be a maximum, commensurate
with slope requirements of the partic-
ular use to be made of the finished
site and the necessity of maintaining
slope stability.

Evapotranspiration . Evapotranspira-
tion, synor^ymous with consiunptive use
in this discussion, is defined as the
total quantity of water lost to the
atmosphere from the soil-plant system.
Evapotranspiration is controlled by
climatic factors, such as temperature,
wind, and humidity, and by soil mois-
txire conditions.

With respect to soil moisture, two
conditions arise. The first condi-

tion is that of continuous soil
wetting (maintenance of soil moisture
above wilting point) through irriga-
tion. The second condition is that
of intermittent wetting by precipita-
tion (soil moisture above wilting
point only during periods of excess
rainfall)

.

Evapotranspiration varies with the

type of soil-plant system that forms

a landfill cover. Types of cover
commonly found are bare soil, native
brush and weeds, and grass or turf.

Evaporation ciirves for bare clay loam
soils are shown in Figure l5. For a

continuously wet soil, evaporation
amoiints to approximately 90 percent
of equivalent open water surface loss.
For nonirrigated soil, evaporation
approximates half the annual average
precipitation. To allow for reduced

BASED ON TYPICAL EVAPORATION
CURVE FOR OPEN WATER SURFAC
IN METROPOLITAN LOS ANGELES
AREA AND RATIOS DEVELOPED B

PENMAN.

o



(oration from more permeable soils,

(ors of 0.6 and 0.8 for fine sand
[sandy loam, respectively, should
tipplied to the values in Figure 15.

lotranspiration losses from a grass
urf cover are slightly lower than
[bare soils. From a study by H. L.

entitled, "Natural Evaporation

OpeBoV^'t'®^* Bare Soil and
s",^ ' the follovdng ratios of
oration from turf to evaporation
open water with respect to time

ear were obtained:

- Feb. = 0.6
- Apr. = 0.7
- Aug. = 0.8
- Oct. = 0.7

)Ugh the application of these ratios

I curve of open water surface evapo-
•on versus time, an evapotranspira-

tion, or consumptive use, curve for
irrigated grass can be developed for
any area. For example, the consumptive
use curve shown in Figure l6 for irri-
gated grass is based on the above
ratios and a typical evaporation curve
for an open water surface in the Los
Angeles metropolitan area. From this

curve, the total consumptive use of

water was 38.7 inches per year, which
is compatible with values obtained
in various water use studies in the
Los Angeles area.

Consumptive \ise of water by native
brush and weeds was assumed to be at
the same rate as by irrigated grass
during periods when precipitation
maintained soil moisture above the
wilting point. Monthly variation
in consumptive use for nonirrigated
brush and weeds, based on 20-inch
rainfall, is shown in Figure l6.

BASED ON TYPICAL EVAPORATION
CURVE FOR OPEN WATER SURFACE
IN METROPOLITAN LOS ANGELES
AREA AND RATIOS DEVELOPED BY
PENMAN.

laTMCNT or WATER MCSOUMCeS, SOUTHERN DISTRICT, l9St
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In addition to consumptive use, enough

water must be applied to remove salts

left by evaporation of irrigation wa-

ter, A minimum water requirement re-

presents a long-term average value for

the deep percolation which must be per-

mitted to remove salts and keep the

surface soil fertile. Water require-

ment to remove salts is determined by:

1 = (E-P) Ci

Co - Ci

where 1, E, and P are volumes of water
required to remove salts, evapotrans-
piration, and precipitation, respec-

tively; Ci is salt concentration in

the irrigation water; and Co is per-

missible salt concentration in the

soil moisture. The annual water re-

quirement to remove salts for grass

irrigated with Colorado River water,

with evapotranspiration amounting to

36 inches, is about 2.6 inches.

In general, the greater the excess wa-
ter applied to remove salts, the greater
will be the production of leachate.

Moisture Retention by Soil. Moisture

will be retained by soil at field ca-

pacity, defined as the moisture con-

tent of soil after drainage by gravity
is complete. If plants are present,

soil moisture will be used until the

wilting point (moisture content at a

tension equivalent to the osmotic pres-

sure exerted by the plant roots below
which water is not available for plant

use) is reached. The following tabu-

lation gives moisture contents for var-

ious scils at field capacity and the

wilting point.

Soil type
Field capacity Wilting point

(jji./ft.) (Iji./ft. )

Sand
Loam
Clay

0.9
3.1
5.2

o.U
1.6
2.9

Field moisture tests would be required

to determine conditions at site.

Moisture Retention by Refuse . Moisture

retention capacity of refuse has been
studied by Merz (7) of the University L

of Southern California and by the Briti|::

government. (3)
-

In the studies by Merz, the retention

capacity was found to be 2.5 inches pe3 ;

foot before initial moisture release

(leachate), and 0.75 inches/foot after-L

ward. The British government studies
ff.

resulted in an estimated retention of

1 inch/foot of refuse depth. It appea:

that evaporation was considered in the;

British test but not in the test by Me:

Movement

Water transports the leached materials

within the landfill and externally in

the subjacent alluviumo

The vertical movement of water in a

porous medium is governed by the ac-

tion of gravity and capillarity. In

saturated soil, movement is primarily

through larger pores under the influenc

of gravity, whereas movement in unsat-

urated soil is dominated by capillary

forces.

The rate of movement of leachate from

the landfill bottom into and through

underlying soil is governed by the

soil infiltration capacity, which in

turn is limited by soil percolation

rate. Percolation limits infiltration

to the rate at which water is removed

from the surface soil by gravity.

Initially, capillary forces move in-

filtrating water downward and outward

until the soil reaches field capacity.

At that time, capillary forces are

negligible and movement occurs as per-

colation under the influence of gravit

The percolation rate increases from

zero at field capacity to a maxijnum at

saturation, at which time infiltration

and percolation rates are equal. In-

filtration rates for various soils are

presented in Table 5.
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sk Gas

ses are produced during decomposi-
3n according to the equations pre-
ated earlier in this chapter, Ifove-

nt of gases, unlike movement of raois-

re, is iinrestricted by attraction to
rticles of the refuse or soil media,

gases, therefore, are free to cir-
late wherever they are impelled by
fluencing pressures. In the follow-
g discussion of gas production and
vement, it is assumed that no water
applied to the fill.

oduction

e composition of gases produced de-
nds upon the composition of organic
tter and the presence or absence of
ygen. The composition of organic
tter (percentages of carbohydrates,
oteins, and fats) will influence the
mposition and production of gas ac-
rding to the particular confounds de-
mposing at any time. Carbohydrates
ch as siigars and starches in food
stes are rapidly digested. Proteins
d fats, which occur mainly as gar-
ge, are readily attacked by bacteria,
d respiration products appear in the
rly life of the landfill. However,
aerobic breakdown of fats can con-
jiue for years. Organic matter in
mbustible rubbish, which occurs
inly as the cellulose of paper and
od, decomposes veiy slowly. In a
11 containing mostly combustible ma-
rial, decomposition products found
early stages will be primarily those
carbohydrate reduction, in addition
products derived from proteins and
ts.

lantities of gas produced and coiT5X)si-

-on of respiration products are com-
ited on the basis of the following

'1 jrobic and anaerobic decomposition
piations: (9)

oiprobic

:

CH^O^N^ + lA(l|+a-2b-3c)02_>.

CO2 + l/2(a-3c)H20 + cNHo

Anaerobic:

°Wc * l/ii(li-a-2b+3c)H20

l/8(U-a+2b+3c)C»2

+ l/8(ii+a-2b-3c)CH, + cNH

Comparison of gas production by aerobic
and anaerobic respiration shows that
more carbon dioxide is produced under
aerobic conditions as under anaerobic
conditions. Hovrever, methane is also
a major product of anaerobic decompo-
sition.

Movement

Gas movement through refuse and adja-
cent soil occurs under the influence
of gas pressure and density (concentra-
tion) gradients. Pressure differences
or gradients arise in two ways. First,
a net production or uptake of gas by
the biota active in decomposing refuse
will increase or decrease the pressure
inside the fill. Second, the gas in
the fill will produce a force on the
cover or floor of the fill depending on
the density of the gas formed and the
density of the exterior atmosphere.

The movement of gases through porous
media is governed by Darcy's Law when
the flow is laminar. Because the soil
is quite permeable to gases and the
transfer area from fill to soil is
relatively great, large pressure dif-
ferences are tinlikely, so gases can
be considered incompressible fluids
governed by the equation V = i^ grad

P where Kg equals hydraulic conduc-
tivity, which depends on the medium
through which the gas is flowing and
the viscosity of the gas, Wg equals
the unit weight of the gas, and grad
P equals the pressure gradient.

The movement of gases from a landfill
was studied by Engineering-Science,
Inc., at Azusa.C^-^) The study in-
cluded determinations of quantities
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and velocities of gas movement hori-
zontally and vertically into the soil

and the quantity of carbon dioxide

passing through the fill cover to the

atmosphere.

As previously mentioned, the quantity

of CO^ entering the soil with respect

to time is a function of density and

the gas concentration gradient between

the fill and adjacent soil. At Azusa,

an initial COp bloom corresponded to

the maximum rate of COp contributed to

the soil. With time, the concentration

of COp in the fill declined and the CO2

in the soil increased, with a corres-

ponding change in the CO 2 concentration

gradient.

Early estimates were made of vertical

and horizontal velocity in the adjacent

soil under dry conditions, based on the

time between COp bloom in the fill and
attainment of maximum concentrations in

the test wells. Downward vertical ve-

locity was estimated to be 0.8 ft. /day,

while horizontal velocity was estimated

at l.U ft. /day. Under a reduced gradient,

gross horizontal and vertical velocities
decreased to 0.2U and 0.22 ft. /day, re-

spectively.

In the absence of pressure gradients,
rather than use Darcy's Law, Fick's
Law of Molecular Diffusion was used
to calculate net velocity, or trans-
fer rate. The following equations
were used:

(1) q =



CHAPTER IV. CHARACTER OF REFUSE
DECOMPOSITION PRODUCTS

latural decomposition of refuse
ts in the formation of products
16 general form of gas, as discussed
;tail in the preceding chapter. If

cient water is available, these
)roducts and soluble organic s and
als may be dissolved, forming a

' solution, referred to as leachate.

iharacter of decomposition products,
quantity and composition of

late and gas, is influenced by a

r of factors. The most important
lese are: composition of the refuse,

of decomposition (aerobic or

obic), and the presence of air and
within the fill. Each of these

)rs has been discussed in detail in

3receding chapter. The inter-
:ionship of these factors has been
i out in several experiments and
omined in the following discussions.

Leachate

reviously stated, the formation
eachate is entirely dependent on

presence and movement of water with-

nd through refuse. The quantity
eachate depends on the elements of

water balance discussed in Chap-

III. Composition, or quality,

nds on the types and amounts of

rial leached from the refuse.

tity of Leachate

stigations have been made to de-
ine quantities of leachate ob-
ed from refuse subjected to var-
methods and amounts of water
ication. The most applicable to

refuse disposal conditions in Califor-
nia are the studies by Professor Rob-
ert C. MerzC''^ of the University of

Southern California and by the British
Ministry of Housing and Local Govern-
ment . ^ 3

;

In a study at Riverside, California,
Merz used test bins to determine
leachate quantity and quality. The
two test bins were each 8 feet long, h
feet wide, and 12 feet deep, with a
2 -foot-radius half-round section of
culvert serving as the bottom and also
as a collection trough for the leachate.
The bins were packed with fresh,
domestic rubbish to a depth of 10 feet
and covered with 2 feet of soil.

The method of operation of the bins was

as follows: Bin number 1 received ar-

tificially applied water only. Bin

number 2 received water by natural pre-

cipitation only.

Volumes of applied water and resulting

leachate for bin number 1 are presented

in Table 7 as monthly values for the

study duration (January 1953 " July 195U).

Water was initially applied to bin num-

ber 1 at the rate of 20 gallons per day

(1 inch per day) until the refuse be-

came saturated. The rate was then re-

duced to weekly increments of 20 gallons.

Approximately 320 gallons were required
to saturate the refuse and produce an

appreciable amount of leachate. The

total amount of water applied during
the 19-month study was 1,820 gallons.

The total volume of leachate with-
drawn was UlO gallons, or 22,5 per-

cent of the applied water. Of the
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TABLE 7

APPLIED WATER AND VOLUME OF LEACHATE

FOR A REFUSE TEST BIN (7)

In gallons

Y ear



.ining applied water, approximate-

,200 gallons were lost to the

sphere by evaporation and 210

.ons were retained by the refuse.

niimber 2 received 18. 7 inches of

fall, an inadequate amount to

luce leachate. This is due to

intermittent nature of the rain-

,, allowing a high rate of evap-

iion, and also to the moisture

intion capacity of the refuse.

iar investigations have been made

;he British Ministry of Housing

Local Government. The quantity

quality of leachate were deter-

id through the use of several

ise test cells, each receiving

jr in different amounts and londer

ous methods of application. A
)nd experiment was then made,

ig a much larger test cell and

)Sing the refuse to rainfall only.

the first set of experiments, six

3ot lengths of drainpipe were as-

ijled to form three cells, each

3et long and 1 foot in diameter.

test cells were then packed with
3h refuse to a depth of 5-1/2 feet,

they were covered with several

les of soil.

cells were operated as follows:

L 1 was saturated, and then 200

liliters (mis) per day of distilled

er were applied (equivalent to an

ual rainfall of 30 inches); cell 2,

hout preliminary saturation, initially

aeived 1,300 mis per day (197 inches

2 year), which were reduced to a

3 6 equivalent to 83 inches per year

fer three months, and after six

:ths the cell was exposed to natural

=nfall only; cell 3 was exposed to

Sural rainfall only.

achate was obtained from the three

;ls from the time saturation of ref-

3 was reached \intil the study ended.

: time required to attain saturation

;ied with the rate and frequency of

3er application. Volumes of applied

water and resulting leachate for the

three test cells are presented in

Table 8.

The amount of water required to satu-

rate the refuse in cell 1 was 17.5 li-

ters, equivalent to 9.U inches of rain.

The amount of leachate during February

was abnormally high because water that

had been frozen within the refuse was

released.

The refuse in cell 2 required more than

two weeks to attain saturation after

18.2 liters (9.8 inches) of water were

applied. After six months, when arti-

ficial application was discontinued and

the cell was exposed to rainfall only,

the rate of leachate formation corre-

sponded to that of cell 3, which was ex-

posed to rainfall throughout the study.

In cell 3, leachate appeared subsequent

to refuse saturation, which occurred

after six months of operation. After

saturation was attained, leachate

amoimted to about 50 percent of applied

rainfall. The difference between the

amount of water applied and the leachate

obtained can be accounted for by evap-

oration loss and moisture retention by

the refuse.

The refuse test cell used in the second

experiment was hZ feet long, 3$ feet

wide, and 6-3/U feet deep. The cell

was filled with refuse to a compacted

depth of about 5 feet and covered with

18 inches of soil. Water applied was

by natural precipitation only.

Volumes of applied rainfall and result-

ing leachate are presented in Table 9.

The refuse became saturated during the

second month of operation. After sat-

uration, the amount of leachate formed

varied with the amotmt of rainfall.

Total rainfall for the study period

was 6l,3l5 gallons (68.1 inches).

The total leachate was 2^,228 gallons,

or Ul percent of applied water. After

the refuse became saturated, the for-

mation of leachate averaged about U6
percent of rainfall.
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Quality of Leachate

Percolating water leaches or dissolves
material of many types, in various
stages of the decomposition cycle.

The quality of the leachate varies

widely depending on the compound (fai

carbohydrate, or protein) being broke

down, whether the decomposition is

aerobic or anaerobic, and the amount
water present.

TABLE 8

VOLUME OF LEACHATE UNDER VARIED CONDITIONS

OF WATER APPLICATION (3)

In milliliters



TABLE 9

RAINFALL AND VOLUME OF LEACHATE

FOR A REFUSE TEST CELL^^)

Year Month



Several investigations have been made
to determine leachate quality under
various conditions of applying water
to refuse. The effects on leachate
quality of refuse moisture content
(dry or saturated) at time of place-
ment were also studied. Investigations
were conducted on experimental refuse
cells and at in-situ landfills. The
investigators included: Professor
Robert C. Merz of the University of
Southern California; the British Min-
istry of Housing and Local Government;
and the Department of Water Resources,
Southern District.

(7)
The study at Riverside by Merz, ^ ^

discussed in the preceding section, de-
termined the quality of leachate from
irrigated refuse. Leachate was drawn
from test bin number 1 several times
monthly (leachate did not form in bin
number 2) and subjected to mineral and
biochemical analysis. Analyses of the

leachate are presented in Table 10.

Percentage composition of material
leached from the refuse in test bin
number 1 were calculated and are shown

in Table 11. These values were based
on the volimies of leachate, presented

in Table 7, and corresponding analyses,

presented in Table 10.

These percentages represent the 18-
month study duration and are somewhat
less than the total amounts that are
theoretically extractable. Decomposi-
tion of carbohydrates in the form of
wood and paper products occurs at a rela-
tively slow rate. This is evidenced by
the relatively constant concentrations
maintained in the leachate over the last
6 to 8 months of the study.

Several studies were made by the Brit-
ish Ministry of Housing and Local Gov-
ernment^^'' to determine leachate qual-
ity under the following conditions:
three small cells exposed to various

amounts of water; dry placement of ref-

use in a large cell ejqjosed to rainfal]

only; and wet placement of refuse in a

large cell with high-rate water appli-
cation. The construction and operatioi

of the cells used in the first two
studies are discussed in detail in the

preceding section. The test cell in

the third experiment was identical to

that used in the second. However,

this cell was filled with water be-

fore placement of refuse. Upon
placement of refuse, a condition re-

sulted similar to that of dumping
refuse in groimd water. The refuse

was then subjected to horizontal
flow of water at a rate of about

3.U gal./day/ft2.

Leachate drawn from the three cells
in the first experiment was analyzed
monthly. Chemical and biochemical
analyses are presented in Table 12,

The consistently high level of organic

carbon (a measure of the total or-

ganic matter) in cell 3, along with a

relatively low BOD, indicates that

a large portion of organic matter was

biologically stable before leaving the

refuse cell.

In the large dry refuse placement
experiment, leachate was obtained
after one month of operation. The
leachate was analyzed several times
monthly; the averages are presented
in Table 13.

The third experiment (wet placement
of refuse) represents the most acute
condition with respect to ground water
impairment. Deposited refuse was
ccmipletely submerged, and horizontal
flow of water through the refuse resul-
ted in the maximum amount of leaching.
Analyses of the water after passage
through the refuse are presented in

Table lU.
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TABLE 10

CHEMICAL ANALYSES OF LEACHATE FROM REFUSE TEST BIN (^)

Mean monthly values

In parts per million

Date



TABLE 11

LEACHATE CHARACTERISTICS

UNDER CONTROLLED WATER APPLICATION (7)

Determination
Amount leached

Percent of dry refuse weight*

Alkalinity (as CaC03)**

Calcium (Ca)

Magnesium (Mg)

Sodium (Na)

Potassium (K)

Total iron (Fe)

Chloride (CI)

Sulfate (SO4)

Inorganic phosphate (PO4)

Organic nitrogen (N)

Ammonia nitrogen (N)

BOD**

Leached volume: 0.21 gal/lb. - 3.5 in/ft.

0.78

0.16

0.029

0.15

0.18

0.019

0.22

0.022

0.0014

0.032

0.072

2.54

Assumed dry density of refuse, 275 Ib/cu. yd.

In equivalent terms

TABLE 12

CHEMICAL ANALYSES OF LEACHATE FROM REFUSE TEST CELLS

UNDER VARIED CONDITIONS OF WATER APPLICATION (3)

In parts per million

I

*





TABLE 14

CHEMICAL ANALYSES OF LEACHATE FROM REFUSE
IN THE BRITISH WET PLACEMENT STUDY (3)

In parts per million

Refuse
Refuse



sition of refuse in the test cell

place intermittently throughout

study, and the quality of leach-

varied accordingly. High values

OD, organic carbon, organic ni-

en, etc., occurred shortly after

new addition of refuse to the

and decreased steadily in be-

n. The trends in leachate qual-

with respect to time are almost

.tical to those found in the

t two experiments.

amoimts of material leached from the

se in the large-scale dry and wet

ement studies are presented in Table

In the wet refuse cell, applied

r was in contact with the soluble

Ions of the refuse for a longer

, resulting in more material leached,

leached material was highest in

BOD, followed by organic carbon, chlor-

ide, and sulfate.

The results of these studies may be com-

pared with results from the study by
Merz presented previously in Table 11.

BOD of the leached material was greater

in Merz's study, whereas chloride and

sulfate were leached in greater quantity

in the British experiments. The differ-

ences can be explained by the composition

of refuse used in the test cells.

Refuse used in Merz's study was typi-

cally that of Southern California, with

large amoiints of vegetation, paper and

wood material, small amounts of gar-

bage, and no ash. The refuse used

in the British experiments contained

lesser amounts of wood products, more

garbage, ash in varying amounts, and

TABLE 15

MATERIAL LEACHED FROM REFUSE TEST CELLS

UNDER VARIED CONDITIONS OF WATER APPLICATION (^^

Amount leached

etermi nation
Dry refuse cell Wet refuse cell*

Lbs.
Percent of

dry refuse weight'
Lbs.

Percent of

dry refuse weight'

janic carbon

janic nitrogen

imonia (as N)

loride(CI)

fate {SO4)

fide (S)

488

292

13

67.1

229

151

(as combined with

SO4 above)

0.71

0.46

0.021

0.106

0.36

0.24

1,110

612

16.5

116

222

275

23.3

1.75

0.97

0.026

0.185

0.35

0.44

0.037

iod of leaching 33 months 20 months

achate volume 0.14 gal. /lb. 2.6 gal. /lb.

Refuse completely subm.3rged and subjected to a horizontal flow of water at a rate of 3.4 gal./day/

sq. ft.

Assumed dry refuse weight of 375 Ib./cu. yd.

In equivalent terms
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more noncombustibles. The result was

that the refuse in Merz's study contain-

ed a higher percentage of material that

was biologically oxidizable, whereas,

ash, which contributes more chloride,

sulfate, and other minerals, caused the

higher percentages of chloride and sul-

fate leached in the British studies.

As part of the Department's investiga-
tion, the quality of leachate from mu-
nicipal refuse in an in-situ fill was
studied. The site selected was the
Scholl Canyon Landfill of the Coiinty

Sanitation Districts of Los Angeles
County in Glendale. Three wells were
placed immediately downstream of Stage ]

of the landfill, as shown in Figure 17.

Stage I of the Scholl Canyon Landfii:

is subject to rainfall and irrigatic:

(quantities given in Chapter II) cauii.

ing excessive amounts of water in th

refuse, resulting in the formation
leachate. Ground water was analyzed
periodically for mineral, heavy meta

and BOD and COD. Results are preset

in Tables 16, 17, and 18, In additi

two samples of leachate from the Pu€

Waste Disposal Landfill in the City
Industry, California, were analyzed
determine mineral and heavy metal cc

tent and oxygen demand. These ana]

are presented in Table 19.

The trends of leaching established
the studies by Merz and the British

Figure 17 - TEST FACILITIES - SCHOLL CANYON LANDFILL

OCPARTMCNT 0^ WATEH RESOURCES, SOUTHERN DISTRICT, ItM
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nerally borne out by the trends

und at Scholl Canyon. Calcium, magne-

um, sodium bicarbonate, chloride, and

|tal hardness were present in the lea-

ate at levels $ to 10 times those of

ound water in the area. The absence
appreciable quantities of nitrate

ihe final product of the nitrogen aero-

be decomposition cycle) and sulfate

dicate that decomposition was pro-

eding anaerobically.

le difference between COD and BOD
ilues, approximately Uj^OO ppm ini-

lally, represents the portion of
'ganic carbon present in the lea-

chate that is subject to chemical

but not biological oxidation. Sim-

ilar findings were observed in the

third test cell of experiment number 1

in the British studies.

Results of analyses oi the samples
obtained at the Puente Waste Dispos-
al Landfill, although representing
only a very short period of time on

the decomposition cycle, are an in-
dication of quantities of material
leached. Concentrations of material
found in the leachate are well with-
in ranges found in the studies pre-
sented in this chapter.

TABLE 16

CHEMICAL ANALYSES OF LEACHATE FROM
SCHOLL CANYON LANDFILL

I n parts per million



TABLE 17

HEAVYMETAL ANALYSES OF LEACHATE FROM
SCHOLL CANYON LANDFILL

In parts per million



TABLE 19

MINERAL AND HEAVY METAL ANALYSES AND OXYGEN DEMAND OF LEACHATE
FROM PUENTE WASTE DISPOSAL LANDFILL*

Dote



Eight 55-gallon steel drums were
used as test cells in the study.

The drums were lined and coated with
plastic to prevent gas leakage and were

drilled to take air, water, and sam-

ple lines. In each cell, the refuse

volume was 6.70 cubic feet and the

density was 5U0 pounds per cubic yard.

Refuse composition and treatment were
intended to simulate conditions in a

landfill. The rate of gas produc-

tion varied directly with temperature

of refuse, moisture content, garbage
content, and amount of air present in
the refuse. The composition of refuse,
method of operation, and rates of gas
production for each cell are shown in
Table 20.

The most important single factor found
to influence the quantity of gas pro-
duced was water application. Drum
F, which was saturated, produced 17
cubic feet of gas, more than 25g times
that produced in any other cell. Other
cells that received water produced gas
at an increased rate but always sub-
stantially lower than Drum F. Aera-
tion of Drum D increased gas produc-
tion significantly although not as
much as application of water to Drum
F. Minor differences in rates of
production between cells operated
identically can be explained by the
variation in garbage content, garbage
being the main refuse component that
underwent significant decomposition.

Composition of Gas

The composition of gas produced under

varied conditions of refuse composi-

tion, aeration, and moisture was de-

termined by Merz,v^9) as discussed

in the preceding section. Analyses

of samples of gas from each of the

eight test cells are presented in

Table 20.

The character of gas produced in each
of the test cells (large percentages
of CO2 and very minor percentages of
methane) indicates that primarily an

aerobic environment existed. With the'

exception of Drums B and F, no methane
was detected, and in these, only in
concentrations of less than 1 percent.
Percentages of CO2 were markedly high-
er in Drums E and F, treated with wa-
ter and with air and water, respective!

Experiments to determine the compo-
sition of gas produced from refuse
in test cells constructed at Spadra
Landfill of the County Sanitation
District of Los Angeles County have
been made by Merz^O) gn^j -^y the De-
partment. The site location and lay-
out of test facilities are shown in

Figure 18. The test facilities are
discussed in the "Scope and Conduct
of Investigation" section of Chapter I

As the cells were constructed, half
sections of 55-gallon steel drums witt
sampling probes were installed within
the refuse and sampling probes were
placed in the adjacent earth.

The methods of operating the test
cells and analyses of the gas ob-
tained from them are summarized in

Table 21.

The decomposition of refuse in cells

1 through 5 was primarily anaerobic.

The presence of significant percent-

ages of oxygen at the 6-foot level
in cells 3, h, and 5 indicates par-
tial aerobic decomposition, accounting
for the abnormally low methane pro-
duction.

In cell 6, decomposition occurred
aerobically for the most part, as

was intended, CO2 production ranged

from 5.8 to UI.9 percent by volume.

However, the presence of methane,

found in percentages up to 11.3 per-

cent by volume, indicates that a

portion of the refuse was decomposing

anaerobically

.

The effects of water application
on gas production from the test cells

were also studied. With the excep-

tion of cell 1, which was initially

-Uh-



TABLE 20

DATA FROM GAS PRODUCTION STUDY BY MERZ

DRUM

COMPOSITION OF REFUSE

Grass, dry weight (tbs.) 15.

Wit weight 34.5

Paper, dry weight

Wet weight

Garbage, dry weight

Wet weight

METHOD No soil.

air, or

water

added

Initial moisture, percent

of dry weight

Peak temperature reached, 109
Deg. F .

Elapsed time Idaysl 411

Cubic ft. of gas produced 2.540

Elapsed days 684

Cubic ft. of gas per pound 0.026
of refuse

^^2' percent by volume 22—42
Imin.-max.l

N2, percent by volume 54—77
(min.—max.)

^2i percent by volume 0—0.80
{min.—max.)

CH4, percent by volume 0—0
(min.—max.)

15.

34.5

31.

67.0

water

added

109

393

OPERATION

Soil added* Soil* and Soil* and Soil added* Soil* air. Soil*, air,
No air or air added air added saturated and water and water
""3'®^ with water added added

GAS PRODUCTION

3.574



TABLE 21

GAS PRODUCTION TEST AT SPADRA*

METHOD Percent Refuse Sampling Gas Components, percent by volume

OF mo.sture
"^^l^^e

'^^""^ _C02 _N2_ _^ _^OPERATION (drywt.) ,ib/cu. yd.) Keet) Mgjj. Min. Max. Min. Max. Min. Max. Min.

I Refuse placed 80.1 960 6 56.0 33.4 28.9 5.7 5.3 0.0 54.1 16.7

continuously to

depth of 18 feet.

2-foot earth 15 75.0 37.4 20.4 0.0 4.9 0.0 55.7 20.3

cover. Refus

saturated.

2 Refuse placed 43.5 845 6 33.4 25.4 72.3 45.4 10.2 0.1 28.1 0.0
in 4—foot layers

separated by

1-foot earth 15 50.8 33.0 57.9 21.5 1.8 0.0 37.8 1.5

layers, with a

1—foot earth

cover.

3 Refuse placed 29.4 710 6 49.8 17.0 82.0 46.4 5.9 0.2 1.2 0.0
in 4—foot layers

separated by
1 —foot earth

layers, with a

1 —foot earth

on rubble to

admit air all

around. Refuse

placed contin-

uously to depth
of 18 feet;

2—foot earth

cover.

Study duration was 873 days.

74.1 57.1

4 Refuse placed 51.9 550 6 37.2 10.4 80.3 52.3 11.7 0.0 9.6 0.0

continuously to

40.6 23.9 74.5 43.1 4.8 0.0 14.7 0.5
depth of 18 feet.

2—foot earth

cover. Minimum
compaction

5 Earth mixed with 343 695 6 38.0 19.0 74.1 41.4 5.0 0.0 22.5 0.0
refuse at ratio

48.1 32.5 62.8 37.2 1.5 0.1 24.8 1.1
of 1:2.2. Mixture

placed contin-

uously to depth
of 18 feet;

2—foot earth

cover.

6 Cell above 39.8 755 6 41.9 5.8 91.7 46.5 25.9 0.0 11.3 0.0
ground surface

39.0 9.1 84.6 47.7 10.6 0.3 9.4 0.2

-ii6-



S»ARTMEMT OF WATER RESOURCES, SOUTHERM DISTRICT, 1969

fliturated, and cell 3, to which no

liiter was added, the test cells re-

cjived various amounts of water,

oplied about two-thirds of the way

"irough the study.

Bie primary effect of water applica-
Lon on the refuse was the increased
]:'oduction of methane, up to 2^ per-
ent by Yoliime of the gas produced o

llree oxygen was depleted. In cell 6,
>iich was constructed to allow max-
'num aeration, the applied water
grained relatively rapidly, per-
iltting "reaeration" and the return
|C at least partial aerobic condi-
ions, as opposed to the other ir-
rigated cells, which remained an-
3robic through the duration of the
budy.

Gas production at several of the

Spadra test cells was also studied

by the Department in conjunction

with Merz. Analyses of samples ob-

tained from test cells 2 through 5

in the access well and the adjacent

undisturbed soil are summarized in

Table 22. These results are a pos-

itive indication of movement of gas

from the refuse into the soil and

also of the magnitude of CO2 leaving

the refuse, with concentrations up

to 60 percent by volume at the sam-

pling probes. In addition, analyses

of samples of the soil atmosphere

at each probe location prior to

refuse placement are presented as

a means of comparing normal atmos-

phere composition with that of the

waste gas.
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TABLE 22

COMPOSITION OF GAS IN ACCESS WELLS
AND IN EARTH ADJACENT TO THE SPADRA TEST CELLS

Cell



3IB
(M)32A /
{B)33A /
(B)33^

/ (I

(T)6IA / (M)42X /,
(M)62A / W("
(B)63A / / (J

/(T)7
(T)7
(M)7

(MHIB
(T)4IA
(M)42B
(M)42A
(B)43AaB^

lA

IB
(M)72A
(B)73A

0. PLAN VIEW- EXPERIMENTAL FILL

T)IOIA
(M)I02A
{B)I03A

NOT TO SCALE
4A

SILT LAYER

REFUSE LAYER (T)
GAS

PROBES

SILT LAYER

REFUSE LAYER (M) GAS
PROBES

SILT LAYtR
3-N

REFUSE LAYER (B)
GAS

PROBES

b. TYPICAL SECTION

(17)

-igure 19 -GAS SAMPLING LOCATIONS WITHIN REFUSE -AZUSA EXPERIMENTAL LANDFILL

lAtTMENT OP WATCH RKtOURCeS, SOUTMCRM OltTMICT, !•••
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The composition of gas produced
from refuse at the Azusa Experi-
mental Landfill was observed by-

Engineering- Science, Inc. (11 )

The construction of the test facil-
ities was discussed in Chapter I,

Probe locations for sampling of
gas in the three layers of refuse
are shown in Figure 19. Summaries
of analyses of gas samples obtained
from these probes during the period
from March 1962 through June I96I4.

are presented in Table 23.

The decomposition trends within the

landfill J aerobic or anaerobic, are

evidenced best by the concentrations
of oxygen present throughout the

refuse. Higher percentages of free

oxygen indicate aerobics is, as is

the case primarily in the top layer
closest to the soil cover and the
air reservoir. Partial aerobics is

also exists along the outer extre-
mities of the landfill, which are in
direct contact with the adjacent soil
atmosphere

„

However, as one proceeds into the fill,
the amotint of available free oxygen
decreases markedly, and anaerobic con-
ditions are found. This is evidenced
by an increasing methane content to-
ward the interior and lower reaches of
the fill. Also, as the results pre-
sented in Table 23 indicate, the CO2

concentration increased in the same
manner.
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CHAPTER V. EFFECTS OF DECOMPOSITION WASTE
PRODUCTS ON GROUND WATER

, movement of decomposition products

ber their formation within the refuse

inevitable under current refuse dis-

3al practices. Gas rises into the

nosphere and, together with any lea-

,te produced, permeates into the

lerground. From the standpoint of

3und water impairment, the situation

of primary concern. Gases entering

atmosphere diffuse and mix until

sy are unable to be identified as

source or effects. Diffusion and

spersion of gases moving underground
limited by the composition and

ain size distribution of the soil

i rock material, by the solubility
the gases, by the density of the

ses relative to air and water, and
the moisture content of the soil.

suiting effects range from minor to

OSS impainaent, with considerable
pact on the mineral quality of the
ceiving grotind waters. The degree
impairment depends primarily on the

aracter and quantity of the pollutants,

though an impairment potential ex-
ts wherever waste materials are de-
sited on land, there are few instan-
s where actual effects are documented
existing monitoring facilities.

'fects of Leachate on Ground Water

discussion of the effects of leachate
I ground water requires consideration
the refuse materials versus the qual-

,y of the receiving water. A portion
the organic and inorganic matter

ntained in the refuse can be extrac-

d prior to deccmposition by leaching,

ditional material will be released in

me as decomposition proceeds. The

gree of water quality impairment will
pend on the rate of leaching and the

amocuiv o^ leachable material available.

Bacterial decomposition of organic mat-

ter leached from the refuse requires

satisfaction of the biochemical oxygen

demand. This oxygen demand is satis-

fied by the free oxygen in the receiving

water. A sizable organic load will de-

plete the free and dissolved oxygen

supply rapidly, thus anaerobic condi-

tions will prevail. The extent of this

condition will depend on the rate of

stabilization by reaeration and mixing

with water containing dissolved oxygen

and by the rate of ground water move-

ment.

VThereas organic leachate will become
stabilized with time, mineral leachate
is almost always permanent. However,

the degree of impairment can be lessened
by dispersion and mixing with waters of

higher quality, and can be eliminated if

a condition of basin outflow exists

where the mass of degraded water moves
to a body of lower quality water, e.g.,

the ocean. The degree of impairment

can also be lessened and possibly
eliminated by ground water extraction,

with subsequent siirface transportation

to a lower quality or degraded body of

water.

La general, the effects of leachate on

the receiving water include increases

in the concentrations of minerals pres-

ent, resulting in a lowering of quality

that in turn affects the suitability o?

the water for beneficial use. These

effects will be d" Jcassed in the follow-

ing sections as quality changes with

respect to the Drinking Water Standards,

U. S. Public Health Service, 1962, ^'^^^

Irrigation Water Quality Criteria, and

general hardness criteria, all presented

in Attachment 3 of this report.
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Several instances of ground water impair-
ment by leachate from a landfill have
been reported, the most notable being at
Riverside, California.

Riverside Landfill

The Riverside landfill is owned and
operated by the City of Riverside. A
study of this landfill was conducted
by Professor Robert Merz of the Uni-
versity of Southern California »

^'^^

The Riverside sanitary landfill lies to
the west of the city, along the south-
east bank of the Santa Ana River, as
shown iji Figure 20. Details of the site
and the landfill boundary are shown in
Figure 21.

The Riverside landfill was put into op-
eration in the early 1920 's. Material

accuiriulawsd prior to 1935 was removea
I

by the flood of that year. The dis- '

posal site was operated as a burning
type until 19li8, when it was converter
to a sanitary landfill. Refuse was dci

posited in trenches cut to the ground
water level. As a result, some refuse
was deposited directly into ground wa- r

Preliminary investigation by Merz dete-
mined the direction of ground water fl'w

(southwest) and the relationship of
the ground water table to the landfill
bottom. Locations of test wells are
shown in Figure 21. A profile through,

the landfill and a number of test well
(plan view in Figure 21) showing the e

tent of refuse deposition, ground wate
level, and underlying aquifers is in
Figure 22,

GROJ^P^--
V<A"rEJl s

' AREA OF
POLLUTED WATER

jMPERVlOOS^

GROUND WATER FLOW

760-1

7S0-

740-

730-

720-

7K)-

700-

NOTE: PLAN OF SECTION A-A '

IS SHOWN ON FIGURE 21

Figure 22 - section a-a' - profile of the riverside landfill
AND THE UNDERLYING AQUIFERS

DEPARTMEMT OF WATER RESOURCES, S0UTHE8N UlSTIIICT, I9«t
""'^^~

i_.
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TABLE 24

AVERAGES OF ANALYSES OF WATER FROM THE
21 CASED WELLS JULY I. 1952 - JUNE 30. 1954

In parts per million



The second step in the investigation was
to determine the effects on the quality
of groimd water underlying and immediately-
adjacent to the landfill. A total of
23 permanent cased wells were located
for sampling purposes. These are shown
in KLgure 21 and each is symbolized
by a solid circle. Use of these wells
was as follows: well 0, located 1,000
feet upstrea'Ti frora the fill, was used
as a control; well 15, located about
900 feet downstream, was used to de-
tect lateral movement of pollutant; wells
Ua, lib, and Uc, located within the fill,
were used to detect vertical movement
of pollutant; and the remaining wells
were used to determine degree and areal
extent of impairment.

Samples were collected and analyzed
periodically during the invastigation.
The results were averaged and are pre-
sented in Table 2k. In general, the
constituents in the ground water that

increased significantly were those
found to be leached in greatest quan
titles in the controlled experiments
discussed in Chapter IV. BOD, chlori(
sodium, and sulfate showed the greate;
increases - 26, 10, 9, and 8 times, n
spectively, over the concentrations f(

in the unaffected control well 0. To'

hardness and alkalinity also showed cc

siderable change - more than a threef(
increase over that of the control well

Water samples from well [|.c, which pen*
trated the lower aquifer underlying t\

landfill site (Figure 22), showed no i

crease in mineral and biological consi
uents. This indicates a high degree c

competency of the clay layer separatii
the aquifers, which acted as a barriei
to the downward movement of leachate.
Water samples from well 1^, located dc

stream, showed considerable increases
in minerals and BOD, indicating later?
migration of the degraded mass of wate

LEGEND

LINES OF EOUAL INCREASES IN

CONCENTRATIONS OF TOTAL
OtSSOLVEO SOLIDS.

scale: I INCH = 500 FEET

Figure 23- extent OF ground water IMPAIRMENT -RIVERSIDE LANDFILL

DCMRTMCNTOF WATER RCSOURCES, SOUTNEini DISTRICT, I9M
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Lnal part of the investigation was

y stentiination of the extent of
tment of groiind water downstream
5 fill. To accomplish this ob-

/e, 1^ well points were placed
rest of the fill in the direction
3und water flow. The locations of

j vrell points are shown in Figure 21,

ses ef samples obtained from the

points during the study were aver-

and the results are presented in
25 • In general, the ground water

1 well points showed significant
ases in mineral constituents, hard-
and alkalinity. However, the

ts iTere considerably less than those

3 in the ground water directly
lying the fill. Silfate showed the
est change, with a threefold in-

e. Other constituents increased
ximum values of about one and one-

normal. Well point 13, located
U,000 feet downstream, showed the

greatest influence from the refuse-
derived leachate. Well point 15,
located nearly 1 mile downstream, was
the most distant point of quality mea-
surement and showed an overall con-
stituent increase of about 31 percent.
The areal extent of ground water Iri-

pairment is shown in Figure 23 as lines

of equal increasas in TDS concentra-
tions above normal level.

A comparison of upstream, underlying,
and downstream ground water quality is

presented in Table 26, Profiles of
concentrations of total dissolT^d sol-
ids, hardness, and chloride in the
ground water upstream from, downstream
from, and underlying the landfill, are
depicted in Figure 2U, In general,
constituents increased considerably to
a maximum jji the area underlying the
landfill at the point of leaching and
then decreased gradually toward normal,
facilitated by advection, diffusion,
and dispersion.

TABLE 25

AVERAGES OF ANALYSES OF GROUND WATER SAMPLES
OBTAINED FROM WELL POINTS

Well point number

10 11 12 13 14 15

7.35 7.40 7.20 7.15 7.14 7.11 7.06 7.17 7.12 7.26 7.47 7.07 7.14 7.25 7.38

Mdness

O3)



TABLE 26

COMPARISON OF UPSTREAM, UNDERLYING, AND DOWNSTREAM GROUND WATER QUALI"

DETERMINATION' CONTROL
WELLO

TEST WELL
CASED NO. 4A

TEST WELL
CASED NO. 15

WELL POINT
NO. 13

TOTAL HARDNESS

ALKALINITY

CALCIUM

MAGNESIUM

SODIUM

POTASSIUM

CHLORIDE

SULFATE

TDS (CALCULATED)

311

277

95

17

75

4.7

73

74

523

1046

740
244

102

652

40
773

577

2990

600

433

178

37

165

9

263

115

1065

530

378
141

33

80

12

69

189

775

ALL RESULTS IN PPM

WELL POINT 13

I

3000 T

TEST WELL 15

I

TEST WELL 4A
I

CONTI
WELL

2500

2000 •

III



and waters in the vicinity of the

,, dfill site can be clA.-.s:'.fied by qual-

, according to the various standards
viously discussed in this chapter.

, h respect to the USPHS Drinking Water
ndards, the recommended limit of
ppm of total dissolved solids was
erally exceeded, even in norm;^
und water, and the recommended limit
250 ppm of chloride and sulfate was
eeded in the area underlyinp^ and

ediately downstream from the land-

1. According to the Irrigation

er Quality Criteria, upstream groimd

.er was Class 1 in nature, underlying
lund water was Class 2 to Class 3,

downstream ground water was Class 1

Class 2. All ground waters in the

a can be characterized as being very

d, with the highest degree of hard-

;s found in the water underlying and

lediatel'.'- downstream from the landfill.

ter Cases of Impairment

ground water at Kresfeld, Germany,
efc'ects of refuse deposited in a

, gravel pit were studied. Private
L municipal water supply wells, lo-

;ed from one-half to k miles down-

^i "earn, showed significant increases
total hardness, chloride, and sul-

.e. Hardness increased about 700
L while chloride increased about 200
u Small rises in iron, manganese,
I ammonia were also observed. The
airment persisted for about I8 years
ore normal conditions again pre-
.lei.

!i>nli ' occarrence was reported at
lirrhof , Germany. Refuse deposited
a gravel pit extending below the
jund water table produced leachate
it impaired groiind water at least
)00 feet downstream. Hardness in-
iased from 200 pptn to about l,l50
1. This impairment persisted over
years

.

"Tier instances of ground water impair-
it bj'- leachate derived from refuse
)Osits h,3v.j been reported. Each in-
ince L3 characterized by substantial

increases in total dissolved solids, to-
tal hardness, chloride, and sulfate,
and also by lengthy duration. It is

also recognized that many such cases
have been, are, and will be unnoticed
and therefore not documented. There is

also the possibility of mistaken iden-
tity as to the source of impairment.

For example, a German experience is re-

ported where plotted contours of in-

creases in biochemical oxygen demand

indicated the source of impairment to

be an unsewered residential area, but
plotted contours of TDS, chloride, and

hardness increases pointed to an old

refuse disposal site.

Effects of Gas on Ground Water

T»-c :-.-:ree principal effects 01 carbon

dioxide on ground water are increased

hardness, corrosivity, and acidity.

These effects are functions of the car-

bon dioxide combined with bicarbonates

and carbonates present in the receiving

ground water, plus the pH of the water.

These are bound in the complex equilib-

riums of the following reactions: v2U)

GO2 + H O^H2C02=^H"^ + HCO" from

which HC03^h"^ + CO3-

The pH of the receiving water influences,

and is influenced by, the ratios of car-

bon dioxide to bicarbonate ions and bi-

carbonate ions to carbonate ions at

equilibrium. The solution of calcium

carbonate and the increase of carbon

dioxide in the solution will change the

pH. The concentration of carbon dioxide

is controlled by the equilibrium re-

action:

COp + H205^H2C03^^HC03=^C05"

pH-^ U.5-*-8.2-^

Water containing practically no HCOo
and COo" ions will have a pH of U.5 or
less, thus causing acidity. Water con-
taining almost no CO^" ions, but contain-
ing HCOo and COo, will have a pH of 8.2
or less. Depending on the relative am-
ount of COp and HCO3, water may be aci-
dic, neutral, or alkaline. Water con-
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taining CO3-, HCO:

pH value aoove 8.1

and hardness.

and CX)2 will have a
causing alkalinity-

Acidity is usually caused by the pre-
sence of free carbon dioxide; mineral
acids, such as sulfuric, or weakly dis-
sociated acids, such as carbonic, that
affect the buffering action; and salts

of strong acids and weak bases. ExC'is-

sive acidity (excessive free carbon di-

oxide) increases the aggressiveness
of a water, thereby accelerating the
corrosion of iron and steel, promoting
the solution of lead and zinc, and in-

creasing the solvent (corrosion) action
on calcium carbonate in concrete. Free
carbon dioxide in excess of 20 ppm will
attack iron, steel, and concrete i^apidly

^

enough to require protective measures. ^'-^''

Alkalinity is caused primarily by the
presence of carbonates, bicarbonates,
and hydroxides. Bicarbonates represent
the major form of alkalinity. Althougn
alkalinity is not considered detrimental
to humans, highly alkaline waters are
unpalatable and objectionable to con-
sumers. Alkalinity is, however, detri-
mental to many industrial processes,
especially those involving the produc-
tion of food and beverages and has been
limited by recommended threshold values
ranging from 30 to 2^0 ppmo (-'-'-')

Hardness is caused by bivalent metallic
ions (calcium, magnesium, and ferrous iron)
that react with soap to fonti precipi-
tates. Excessive concentrations of free
carbon dioxide will cause dissolution of
carbonate compounds from soil and rock
formations . Water containing carbonates
and bicarbonates of calcium and magne-
s lum will form a scale consisting of
calcium carbonate and magnesium iiyiro::-

ides (temporary hardness) when evapor-
ated or heated. This becomes increa-
singly critical in hot water heaters
and piping sysbems. Recomjriended hard-
ness limits range up to a maximum of
80 ppm. The end result of the presence
of excessive free carbon dioxide is that
it will dissolve until it"; concentra-
tion in the water is in equilibrium

with the partial pressure of CO2 in thel

atmosphere right above the water. Sol-u

bility of COp up to 1720 ppm can be at-

tained only xf there is one atmosphere
of CO2 in contact with the water table,

A number ol cases of ground water im-

pairment by carbon dioxide have been
d'jcamented by various investigators.
Of 'jru.i3.xy importance are studies by ii

Department at Azusa and Monrovia.

Azusa E-rperImental Landfill

The Azusa experimental landfill was th?

subject of extensive gas movement and
ground water pollution monitoring stu-
dies. It wa3 d^scassed in Chapter I oi

this report.

Gas movement studies were made by Engir

eering-Science, Inc,(ll) to determine i

izontal and vertical gas movement rates
in soil adjacent to the refuse and alsc
to determine relative quantities of gas

passing to the atmosphere and to the sc

Results of these studies were presented
in Chapter III. However, several find
Ings are extremely significant to the
ground water pollution study made by
-j.y- :."><jpartment ^.t this site. These are

vertical velocities of carboa dioxide
movement ranged from an initial high of

0.8 foot/day to 0.22 foot/day under re-

duced gradients; the quantity of CO2

passing to the atmosphere was approxi-
mately twenty times that passing into
the soil; quantities of COo passing in-

to the atmosphere ranged from 1,7^0
pounds/acre/day to U70 pounds/acre/day,
also depending upon the COo gradient
between fill and atmosphare.

As an indication of the downward move-
ment of carbon dioxide la the soil
underlying the landfill, carbon dioxide
concentrations were plotted with respec
to time for sampling probes at various
depths in well No. 1, located at the
center of the landfill. These plots
are shown in Figure 25. The rate of
gas movement is governed by the gradi-
ent of CO2 concentration, which is
indicated by decreasing CO2 concen-
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-PROBE AT 20 DEPTH

PROBE AT 40' DEPTH

3-62

Figure 25.-CARBON DIOXIDE AT VARIOUS DEPTHS IN SAMPLING WELL NO. 1-AZUSA EXPERIMENTAL LANDFILL

' or WATER RESOURCES, SOUTHERN OIST

itions with distance from the refuse
mdfill), in this case, depth bslof
Imdfiil. Following an initial

J time of about 90 days, CO2 bloomed
about 300 days, reaching and main-

Jiing a concentration of about 30
cent by volume. Thereafter, 032

icentrations at the 68-foot depth
sidly decreased to below ^ percent
volume and then stabilized

o

amount of gas produced can be de-
mined by multiplying the gas produc-

l
)n rate of 0.032 cubic foot per pound
• weight of household or municipal
use (determined by Merz in a labora-

y study discussed in Chapter IV) by
i weight of refuse in the landfill,
-ch is 5,225,000 pounds (19,000 cubic
•ds X 275 pounds/cubic yard). This
"•es a total production of 167,200
)ic feet of gas.

Applying the ratio of gas passing to the

atmosphere to gas passing to the soil,

as determined by Engineering-Science,
Inc., indicates that approximately 8,000
cubic feet of gas, primarily CO2, will
enter the soil, and part of it will
eventually reach the ground water.
Rates of gas movement reported by
Engineering-Science were determined
under dry soil conditions.

The addition of water to the soil by
irrigation or rainfall will enhance the
diffusion of CO2 into the waters per-
colating to the receiving water.

In conjunction with Engineering-Science,
Inc., the Department conducted a moni-
toring program to determine the effects
of carbon dioxide on the underlying, or
receiving, ground waters. The program
consisted of placement of three test
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wells at various distances doimstream
from the fill and the establishment of

a network of sampling wells in the areas

adjacent to the landfill. The locations
of these wells are shown in Figure 26.

The three test wells were used as mon;

tors of the effect of carbon dioxide,
and the area wells were used to estab-
lish background or natural quality of
the ground water.

Figure 26 - WELL LOCATION MAP-AZUSA EXPERIMENTAL LANDFILL AREA

DEPARTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, 1969
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areal network of background wells
canvassed several times during the

•se of this investigation to obtain

ind water samples for standard min-
analysis and for field determi-

on of free carbon dioxide content,

ilts of these mineral analyses are
iented in Table kO of Attachment U

,his report.

he three test wells, wells Nos,

.0W-3UN1 and 1N/10W-3UN2 monitored

)on dioxide derived from the experi-

;al landfill, while well No. IS/IOW-

monitored carbon dioxide derived

from the large landfill owned and oper-

ated by the Azusa Rock and Sand Co. Water

samples from these wells were obtained

at regular intervals and subjected to

standard mineral analysis, a summary of

which is presented in Table 27. Com-

plete mineral analyses are presented

in Attachment h, Table U3. Field deter-

minations of free C02 were made at each

sampling time, and the results are pre-

sented in Table 28.

Based on an average vertical velocity

for CO2 movement of 0.22 foot per day

TABLE 27

SUMMARY OF MINERAL ANALYSES OF
GROUND WATERS AT TEST WELLS - AZUSA

(January 1963 through May 1965)

Test well

Const i t uent 1N/10W-34N1 1N/10W-34N2 1S/10W-4G1

Low High Low High Low High

>H 7.5

X. X 10^(5)25° C 345

alcium 31

tagnesium 9

odium 12

otassium 3.0

arbonate

Ji carbonate 120

Sulfate 15

hloride 8.9

»4itrate 17

luoride 0.1

Joron 0. 05

otal dissolved solids 200

Ota I hardness (CaCOs) 139

8.2

540

67

32

15

4.2

235

35

20

30

0.4

0.19

356

231

7.5

440

47

11

8

1.0

212

19

11

20

0.2

276

207

8.2



TABLE 28

FREE CARBON DIOXIDE IN GROUND WATER AT
TEST WELLS - AZUSA

I n parts per million

Date



retj for Liie study duration at L.A.

].D. Raingage U06-C, located near
!\.zusa Experimental Landfill, are
Bnted in Table 29.

a significant concentration of

n dioxide had been built up in

loil, heavy rains occurred in

1 1965. Field determinations of

CO2 in the ground water at the

vrells reflected the effect of
rains for several months. The re-

1 of field determinations of free

are presented in Table 28 and are
ted with respect to time in Figure 27.

average concentration of free carbon

Lde in the natural ground waters was

pm. Ground water at well No. IN/IOW-

located about 100 feet downstream

"rom the v';mall expurlmcntal landfi].!,

showed an increase in free C02 of aboul-

seven to eight times normal, but it de-
creased to the normal level in about
three months . Ground water at well
No. lN/10W-3llN2, located about 200 feet
downstream from the experimental fill,
showed a twofold increase in free CXD2

.

The significantly lower level of free CO2

in well No. 1N/10-3UN2 indicates that a

large amount of CO2 diffused in the water

between the two test wells. Groiind water
at well No. IS/IOW-I4GI, located approxi-
mately 1,000 feet downstream from the large

Azusa Rock and Sand Co. landfill, showed

an increase in free
normal to 120 ppm.

persisted at levels around 90 Ppm for ap-

proximately three months before declining

to the normal level.

COp of about 12 times

Free COo at this well

TABLE 29

MONTHLY PRECIPITATION AT RAINGAGE 406-C
WEST AZUSA
In inches

Mont h

Water year

1962-63 1963-64 1964-65

October

November

December

January

February

March

A pril

May

June

July

August

S epterrber

0.23

0.02

0.12

0.73

4.24

2.26

2.01

0.00

0.09

0.00

0.04

2.22

0.50

3.32

0.00

2 30

0.09

2.71

1.08

0.07

0.21

0.00

0.00

0.00

0.25

1.94

1.87

0.91

0.27

1.39

7.48

0.18

0.10

0.74

0.00

0.67
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During the time in which this condition
existed, all water samples obtained from
the three test wells exhibited objection-
able turbidity, color, and odor, charac-
teristic of samples of leachate obtained
at the Scholl Canyon landfill test facil-
ities. Colors ranged from green to brown,
and odors were those of garbage (decom-
posing food stuffs) and oil and grease
( hydrocarbons )

,

Slight increase of hardness and alkalinity
occurred, primarily as a result of carbon
dioxide. This indicates the lack of ex-
tensive carbonate deposits in the sedi-
ments underlying the Azusa site. Mineral
constituents in all three test wells re-
mained constant, indicating that inorganic
water quality impairment did not occur.

Mayflower Landfill

An outstanding example of ground wate
pollution derived from refuse decompo
sition occurred at the Mayflower Land
fill in Monrovia. (u) The areal detail
are shown in Figure 3.

The pollution problem was discovered
early 1958, when tastes and odors de-

veloped within the water service area
the Mayflower Well (1S/11W-2N1), whic
is owned and operated by the Southern
California Water Company. The Mayflc
Well is located about 1,000 feet nort
west of the dxmipsite. Due to the ser

ousness of this ground water iirpairme

the Southern California Water Company
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^ ^itacted the Los Angeles Regional Water

iaity Control Board. In turn, the

iird, recognizing the need for collec-

;)n of data to establish new criteria

safe refuse disposal, contracted

:h the Department of Water Resources

investigate the pollution occurrence. '^^

i field investigation of the

syflower" incident was conducted in

ree phases. Phase 1 included the

bermination of ';>fater quality varia-

3n with respect to time in the

^ower Well and the drilling of three

t wells to determine the extent of

3und water pollution. Phase 2 con-

ted of collection of water quality

ba on typical ground waters in the

3inity of the Mayflower Well.

,se 3 consisted of placement of well

Ints in the alluvium adjacent to the

idfill to determine areal distri-

tion of gases.

The locations of the three test wells

drilled during Phase 1 are shown in

Figure 28. During the drilling, gas

samples were collected at 20-foot

intervals to determine migration of

carbon dioxide from the landfill.

Analyses of the gas samples are pre-

sented in Table 30. Test well No. 2,

located within the landfill, showed

the greatest concentration of CO2,

with a maximum value of h^.3 percent

by volume at the 80-foot level
(approximately 50 feet below the base

of the landfill). The maximum con-

centration of CEi^ (UU.9 percent by

volume) was also found in test well

No. 2 at the 20-foot depth (within

the landfill).

Following completion of the test wells,

water samples were obtained and sub-

jected to mineral analysis. Results of

MAYFLOWER WELL
(IS/IIW-2NI)

LEGEND

^ TEST WELL-WATER

QtC«T WELL-6AS

scale: I INCH » 1000 FEET

Figure 28 - LOCATION OF TEST WELLS - MAYFLOWER LANDFILL

£ MRTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, l«M
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TABLE 30

COMPOSITION OF GAS IN TEST WELLS
MAYFLOWER LANDFILL

Well number
Date

sampled

1960

Sample

depth*

Gases in percent by volume

Oxygen Nitrogen
Carbon
d i oxide

Methane
Hydrogen

sul f ide

1S/11W-2L2
(Test Hole U 3)



I400n

1200-

1000-

800-

400-

200-

CARBON DIOXIDE

Figure 29. - carbon dioxide, total hardness, and alkalinity
IN GROUND WATER AT THE MAYFLOWER WELL

mCNT OF WATER RESOURCES, SOUTHERN DISTRICT, I9S>
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investigation (February 1958-June I96I),
ground water samples were obtained
periodically and subjected to mineral
analysis. Complete resiilts of these
analyses are presented in Table bH of
Attachment U of this report. Carbon
dioxide content, total hardness, and
alkalinity, as determined by these
analyses, are plotted with respect to
time in Figure 29. Carbon dioxide
reached a maximum level of about 1,2^0
ppm in January of I96O, and then de-
creased to the normal level of 30 ppm
after eight months. Total hardness
more than dor.bled to a maximum value
of about 710 ppm and then steadily
decreased to normal (approximately
300 ppm). Alkalinity increased 3-1/2
times to a high of 520 ppm before de-
clining to the normal level (approxi-
mately 150 ppm )

.

Phase 2, conducted in conjunction with
Phase 1, consisted of a water quality
survey of selected wells to determine
overall quality of ground waters in
the area. Locations of the selected
wells are shown in Figure 30. Analy-
ses of water samples obtained from
these wells are included in Table k2
of Attachment k- Results of these analy-
ses indicate that the ground waters in
the vicinity of the Mayflower Landfill
are of excellent mineral quality sirLt-

able for all established beneficial
uses. Normal levels of carbon dioxide,
total hardness, and alkalinity as CaC03
are 30, 2^0, and 1^0 ppm, respectively.

The nonnal level of free CO2 is 8 to
10 ppm.

Phase 3 consisted of jetting eight wel
into the zone of aeration of the allu-
vitun adjacent to the landfill. Well
point locations are shown in Figure 2£

Gas samples obtained from these well
points were analyzed for carbon dioxic
methane, nitrogen, and oxygei . Result
of the gas analyses are presented in
Table 31. An evaluation of the result
indicates that a slight increase in
carbon dioxide occurred at the well
point locations, with the exception of
well point No. 1S/11W-11D2, located
within the landfill at the extreme dow
stream edge. The carbon dioxide con-
centration at that location was found
at a high of $k.9 percent by volume.
Methane, which was generally absent at
most well point locations, reached a
maximum of 5.5 percent by volume at
this well point.

Need for Future Studies

Still unanswered are questions on
direction and rate of dispersion of
gases in the zone of aeration, direc-
tion and rate ©f absorption of gases i;

ground water, and the amoimt of gases
necessary to cause pollution. Until
answers to these and similar questions,
are known, it is not possible to make
a true evaluation of the degree of im-
pairment that gases (especially carbon
dioxide) would have on ground water.
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TABLE 31

COMPOSITION OF GAS IN ALLUVIUM ADJACENT TO THE
MAYFLOWER LANDFILL

Well



CHAPTER VI, PLANS FOR PROTECTION OF GROUND WATER

initary landfill shotild be designed

. system, with prime consideration

[n to materials to be deposited,

1 selection, construction and oper-

m techniques, and utilization of

con^ileted fill, all of which weigh

rily on the degree of protection

)rded area ground waters. Also,

jDUgh they are not major issues

iiis report, the relevant atmospheric

Lution problems and public health

safety problems should be considered.

flassification of Waste Materials

a guide to prescribing requirements^

disposal of waste materials at solid

ite disposal sites, such materials

-e been separated into the following

ee general classifications:

mp 1. General Industrial Wastes

ih Significant Water Pollution

^:ential.

„g,, liquid and/or soluble in-

histrial wastes, and toxic in-

histrial ashes.

pn-p 2. Household and Commercial

tfuse and Rubbish,

j.g,, empty tin cans, metals,

paper and paper products, cloth

and clothing, wood and wood pro-

iducts, lawn clippings, sod, shrub

-

ibery, hair, hide, bones, small

[dead animals, roofing paper and

jtar paper, garbage, and ashes (ex-

jcept toxic industrial ashes).

I

joup 3. Solid, Inert Wastes.

E.g., earth, rock, gravel, concrete,

asphalt paving fragments, glass,

plaster and plaster board, manufac-

tured rubber products, steel mill

slag, clay and clay products, and

asbestos shingles.

The above list is not intended to be

complete but rather an indication of

the type of waste within each classi-

fication.

Site Selection and Classification

With respect to surface and ground

water pollution, the most important

factors governing landfill site se-

lection and classification are the

physical characteristics of the en-

vironment surrounding the site. These

characteristics, i.e., geology, hy-

drology, and topography, determine the

degree of protection a particular site

affords, thus dictating the type of

refuse to be deposited. Also, in cer-

tain cases, the placement of an arti-

ficial barrier against refuse-derived

gas and liquid prior to refuse place-

ment will modify the degree of pro-

tection afforded and thus affect the

type of refuse that can be deposited.

A classification system for landfill

sites based on the above characteris-

tics, including the use of artificial

barriers, and on various types of re-

fuse has been developed by the Depart-

ment, The classification system con-

sists of three general classes of sites,

with corresponding groupings of types

of refuse that can be deposited in

each without serious threat of ground

water impairaient. It is recognized that

the system presented is based on studies

of sites in Southern California and may

require modification to make it appli-

cable to various geologic, hydrologic,

and topographic conditions throughout

the State.
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Class I .

Waste disposal sites designated as

Class I provide the maximuin degree of

protection for groimd waters. This

is accomplished by physical restric-
tion of all gas and liquid wastes to

the site proper.

Corresponding materials suitable for

safe disposal in Class I sites are

Groups 1, 2, and 3 wastes.

Geology . Landfill sites that are en-

tirely underlain by nonwater-bearing
geologic formations can be designated
as Class I. In this case, geologic
formations act as physical barriers
to the lateral and downward movement
of gaseous and liquid wastes produced
by decomposing refuse in the landfill.

In determining how much this type of

site protects ground water, an impor-
tant consideration is the presence of

fractures in the surrounding rock
formations that may permit movement
of liquid wastes from the landfill.
These fractures should be pressure-
grouted to ensure complete restric-
tion of wastes to the site.

Hydrology . As previously defined, a

Class I waste disposal site is not
hydraulically continuous with an under-
lying ground water body.

Topography . Topographic characteristics
to be considered in landfill site clas-
sification are the drainage tributary
to the site and the surface drainage
from the site. Requirements for Class I

designation include diversion of all
surface runoff from areas tributary to
the site, generally by lined channels
or drains along the perimeter of the
landfill, and restriction of all sur-
face drainage from the site. The last
requirement is of prime importance be-
cause contact with liquid and solid
wastes in the landfill could render
drainage or overflow from the site as
great an impairment hazard as the orig-
inal wastes.

I
Since topography can generally be ch-

by grading or earth moving, it is not
considered a controlling factor in CIm^

I site selection. When a site is geoifj

gically and hydrologically suitable f

Class I designation, it should be so
designated, with the modifications fc

diversion of tributary runoff stipult

Class II

Landfill sites designated as Class II

provide protection to ground waters
against impairment. The amount of pre

tection is determined primarily by thr

assimilative capacity of receiving
waters; that is, their ability to ab-

sorb waste materials but remain suita^

ble for beneficial use. Beneficial u.

then, establish a monetary value for ;

ceiving waters and determine their as

similative capacity by virtue of qual

requirements, thus dictating site sel

tion, materials to be deposited, and

necessary modifications to provide re

quired protection.

Corresponding material suitable for

safe disposal- in Class II sites are

Groups 2 and 3 wastes.

Sites generally considered for Class

designation are the canyon, gravel or

borrow pit, and open area. A canyon

landfill site, which is underlain to

large extent by rocks with low trans-

missibility, provides a high degree c

protection for ground waters. The pi

and area landfill sites provide much

less protection, depending on their

geologic, hydrologic, and topographic

characteristics. However, with apprc

priate modifications, such as artifl

cial barriers, and with proper oper-

ation, these sites can provide the de

of protection necessary for safe dis

posal of Group 2 wastes.

Geology . Sites that are underlain bj

nonwater-bearing rocks but have latei

continuity with ground water basins,

typified by canyon landfill sites, ai
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tes that are underlain by both water-

aring and nonwater-bearing formations

aerally consisting of sands and gra-

tis interbedded with clay layers fall

thin this group. The latter sites

ild depend on the competence of the

awater-bearing formations as barriers

i the ultimate use of the completed

indfill.

drology . In general, sites that are

ierlain by nonwater-bearing rocks, but
ire lateral continuity with ground water
ins, should not be irrigated.

bes overlying confined ground water can

designated as Class II, provided that

8 bottom of the landfill is maintained
reasonable distance above the bottom
the confining layer, and that hydrau-

3 continuity between the site and the

ifined ground water body does not ex-

t. In determining the competence of

la confining layer, the following fac-

ers should be considered: rate of per-

lation through the confining layer;

jteral movement of in^jeded percolate

yond the limits of the confining lay-

and interconnections by active, in-

tive, and abandoned wells.

pography . Here again, the topograph-

characteristics to be considered in-

.ude surface drainage. Surface drain-

;e from tributary areas must be diver-

d from the site. Whenever a watercourse
'.sses through a site, a lined channel or

peline must be provided with adequate

l-pacity and, as necessary, protective
rks to ensure that normal flows and
.oodflows do not enter the landfill and

case erosion of deposited material and

oduction of leachate. Direct precipi-
ition on the site should be removed
om the site to prevent percolation

lito the refuse and the subsequent for-
ition of leachate. However, if site

ainage penetrates any portion of the

posited refuse, it must be treated as

achate and confined to the site or col-

cted and discharged to a sewer, storm

ain, or stream channel in such manner
lat receiving waters are not adversely

fected.

Class III

Landfill sites that afford little or no
protection to receiving waters are des-
ignated as Class III. Class III sites
have no geologic or hydrologic require-
ments . The only topographic require-
ments are to provide adequate channel
capacity and protective works for any
watercourse passing through the site to

prevent erosion of deposited materials.

Corresponding materials suitable for
safe disposal in Class III sites are

Group 3 wastes.

Modification

Landfill sites can be modified — usu-
ally by the construction of a physical
barrier — to protect the ground water.
This protection may be great enough to

upgrade what had been an unsuitable
Class II site to a suitable site and
even to a Class I. Types of physical
barriers are clay layers, plastic mem-
branes, and asphalt liners.

The type of barrier to be incorporated

into the design and construction of a

landfill on a particular site will de-

pend on the nature of the inpairraent

problem; that is, whether liquid or

gaseous wastes pose the threat of im-

pairment. In certain areas where there

are low levels of rainfall and the

subsequent application of water can be

prevented, the problem of leachate

impairment can be virtually elimin-

ated by the use of simple preventive

measures, and the problem would be

that of gas impairment only. In other

areas, where the level of rainfall is

such that the formation of leachate

cannot be prevented or the irrigation

of the completed fill is anticipated,

the dual problem exists. In all cases,

however, prevention of gas movement is

the overriding design factor, because

barriers transmit gas more readily

than liquids.
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However, the barrier must be designed
structurally to retain leachate. The
leachate must then be removed (possi-
bly by p-umping) and discharged in
such a manner that usable receiving
waters are not adversely affected.

The development of various types of
barriers to gas movement has been vn-
dertaken by Engineering-Science, Inc.
under contract to the State Water Re-
sources Control Board. Two types of
barriers that have been tested are . .

plastic membrane and asphalt liner.' ''

A third type, which will be investi-
gated in the near future, is the nat-
ural ventilation system.

The plastic membrane tested was a 10-

mil polyethylene sheet. The membrane
was sandwiched by layers of burlap,
placed in a pit approximately kO feet
wide, 80 feet long, and 20 feet deep,
and covered by a layer of soil for pr
tection against punctiire by refuse
placement machinery. Gas sampling
probes were placed on both sides of t.

membrane to measure COp transfer. Th
pit was then filled with refuse. A
typical installation of this type of

barrier is shown in Figure 3I,

Partial results of tests of gas trans-

fer across the polyethylene barrier an

plotted in Figure 32 as CO2 concentra-

-BURLAP GAS SAMPLING PROBE

Figure 31 - TYPICAL installation of physical barrier with gas

SAMPLING PROBES FOR TEST PURPOSES^^^

DEPARTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, ISS9
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.--ex SAMPLING PROBES IN BOTTOM
OF TEST CELL

20 30 40 50
TIME IN DAYS AFTER COMPLETION OF TEST CELL

Figure 32- CARBON DIOXIDE C0NCB>^1TRATI0NS INSIDE AND OUTSIDE THE POLYETHYLmE SHEET GAS BARRIER* ^^^

MCNT OP WATCH ftCSOURCES. SOUTHERN OISTRICT, l»«t

.ons at selected sets of probes placed

I both sides of the membrane. The SO

60 percent reduction in CO2 coneen-

•ation across the barrier in the east

ill of the test cell is approxmately
16 reduction found in laboratory stu-

.es. The 10 to 20 percent reduction

ites at the west wall and the bottom

: the test cell indicated gas transfer

;ross the membrane due to ruptures,

xich were revealed later, when the mem-

ane was uncovered.

jnilar tests were made on a test cell
ned with asphalt sprayed on biirlap.

le liner was then protected with 6 to
inches of clay. Here again, the side
Us received little protection because
the difficulty of placing clay on

ieep slopes.

Results of the gas transfer across the

asphalt liner are plotted in Figure 33,

CO2 concentrations at the set of probes

at the bottom of the test cell underwent

a 75 percent reduction across the bar-

rier, which is somewhat lower than the

90 percent reduction obtained in the

laboratory studies. COp reduction
across the barrier at the probes lo-

cated in the wall of the test cell was
about 20 percent, again indicating pas-

sage of gas through ruptures and cracks

in the asphalt.

It is estimated, by Engineering-Science,
Inc., that the asphalt membrane and
others of a similar type will increase
the cost of landfill operation by 10

percent or less.
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O PROBE IN BOTTOM OF TEST CELL

A PROBE IN WALL OF TEST CELL

PROBE INSIDE BARRIER

PROBE OUTSIDE BARRIER
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cr

5 10 15

TIME IN DAYS AFTER COMPLETION OF TEST CELL

Figure 33 - CARBON DIOXIDE CONCENTRATIONS INSIDE AND OUTSIDE THE

ASPHALT LINER GAS BARRIER' ""S)

DEPARTMENT OF WATEK RESOURCES. SOUTHERN DISTRICT, 1969

Future studies will include the devel-
opment of a natural ventilation system,
as depicted in Figure 3U. This system
will consist of a clay layer to retard,

downward movement of gas, a coarse
gravel layer to provide easy lateral
movement of gas, and a coarse gravel
wall or perforated pipe to provide
easy movement of gas upward to the at-
mosphere. The bottom clay layer can
be placed so that leachate can be re-
tained and then removed by pumping.

An important consideration in the se-
lection of a landfill site overlying
an unconfined ground water body is
the possibility that inundation of
refuse will result in the formation
of leachate, with subsequent impair-

ment of receiving ground waters. If

the landfill is to be constructed wit;

a barrier to the downward movement
of refuse -derived gas and leachate,

rising ground water could exert undue

pressure, causing barrier failure by
rupture or cracking. For this reason

the lowest elevation of the landfill

should be maintained a safe distance

above anticipated high ground water
level to provide a factor of safety

for possible inaccuracies in the pre-

diction of the anticipated high level

or the barrier should be adequately
designed to compensate for uplift
forces.

If excessive leachate is expected
from the landfill, a barrier, possi-
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-COARSE GRAVEL COLUMN
OR PERFORATED PIPE

Figure 34. - natural ventilation system

ITMENT OF WATER RESOlWCES. 300TOERN DISTRICT, 1969

a cutoff wall, imist be constructed
prevent lateral movement of the
3hate and its subsequent impairment
receiving ground waters. Confined
3hate must be discharged to a sewer,

m drain, or stream channel in such

aimer that receiving waters are not

3rsely affected.

itruction and Operation Techniques

problem of leachate formation can be

sened to a great degree and, in cer-

n cases, can be virtually eliminated
proper landfill construction and op-

tion procedures. To ensure that these

per procediires are followed, provi-
n must be made for adequate adminis-
tive control.

Preventive procedures of primary impor-

tance include maintenance of a continu-

ous earth cover on the refuse, sloping

of the cover, control of drainage from

adjacent areas and from the site, and

control of water application for compac-

tion and dust control.

Maintenance of a continuous, compacted

cover, preferably of impermeable materi-

al, effectively reduces the amount of

surface water that can infiltrate to the

deposited refuse. Infiltration is also

reduced by proper sloping of the refuse

cover to enhance stirface drainage to the

extremities of the landfill. By reducing

the amount of infiltration, the amoiint

of leachate formed is automatically re-

duced. Other advantages of a continuous

earth cover include reduction in fire
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hazard and aid in the control of rats
and other pests. An example of good con-
struction technique is shoxm by the land-
fills of the County Sanitation Districts
of Los Angeles County, in which, at the
end of each day's operation, a contin-
uous earth cover of 0.5 to 1 foot is
placed, a 1- to 2-foot layer of earth is
maintained between refuse layers, and a
3-foot minimuin earth cover is placed on
finished surfaces, including face slopes.

Drainage from the site and from adja-
cent areas is controU.ed by the fol-
lowing procedures: provision of ade-
quate channel capacity and protective
works through the site or upstream
diversion of major flows from adja-
cent areas ^ collection of drainage
from the site and minor drainage from
adjacent areas in lined channels
along the perimeter of the landfill;
and provision of structures to con-
vey the collected water to the down-
stream edge of the site.

When there is a need to control leach-
ate formation and subsequent ground
water impairment, water should not be
used for compaction of refuse and cover
material and only in very minor amounts
for dust control.

Utilization of the Completed Landfill

Subsequent use and even nonuse of the
land created by landfill disposal of
refuse has a significant bearing on
potential pollution of ground waters.
In the use of completed landfills, just
as in their construction and operation,
adequate administrative controls are
needed. Provision should be made to
extend these controls to future use and
ownership

.

Uses of this land should be primarily
restricted to crop planting, parks, golf
courses, and parking areas, because of
uneven settlement and the Irr bearing
capacity of a fill containing refuse,
which dictates flexible and nonconcen-
trated load usage.' These uses, because
of their water requirements, aid the

formation of leachate and gas, which
increases the threat of ground water
impairment. Nonuse of this land and
the resulting exposure to rainfall
can cause the same results.

For the above reasons, every com-
pleted landfill of the Glass II type
should be covered with a layer of cls^.
asphalt, or some other in^jermeable
material. Then, nonuse presents no
problem, and the land can be used for
the purposes listed above if a subdrai
system and a tops oil layer are added,
as shown in Pigure 3^,

The subdrain system must be extremely
efficient in removing percolating wate:
to ensure against possible leakage to
the refuse below. Problems in the de-
sign and construction of this subdrain
system arise because of uneven settle--
ment of the landfill. These problems
may be overcome, however, by using a
coarse gravel layer to provide drainagi
In this case, the impermeable layer is
designed as a sump and the gravel layei
as a collector. Provision must then be

made for disposing of the collected wa
ter out of the^sump, with discharge to
some suitable waterway.

The topsoil layer is then added to sup-
port plant growth. This layer of top-
soil must be of sufficient thickness tc

prevent root growth from reaching the
impermeable layer, which could cause
failure of the impermeable layer, alloK
ing passage of water to the refuse be-
low.

Economic Considerations

Economic considerations, although basic
to all sites, will vary considerably in
magnitude from site to site. Each site
will have a particular set of physical
characteristics (geology, hydrology, an
relationship to receiving waters) that
will govern the feasibility of its use
as a landfill. Therefore, each landfil
site should be analyzed as a separate
entity, treating each site as a system
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GRAVEL
CLAY

Figure 35. -perspective of completed landfill using subgrade drainage

ttPAMTMeNT OF WATER RESOURCES, SOUTHERN DISTRICT, 1949

The primary economic factors that will

determine the feasibility of utilizing

a particular site are the land, haul

distance, construction and operation

costs, the cost of providing protective

works for receiving groimd and surface

waters, and the value of the land cre-

ated by the completed landfill. The

first three items are easily deter-

mined. The cost of protective works

should be compared with the decrease

in economic value of the receiving wa-

ter, determined by its established

beneficial uses versus the cost of an

alternative supply. The probable

decrease in value or water quality
benefits foregone will dictate the

degree of protection required. The

justifiable costs of barriers and

other protective works required can

then be determined. The value of

the created land is considered a ben-

efit to be gained from the landfill

and will depend on its geographical

location and on its area and ulti-

mate usage.
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ATTACHMENT 2

DEFINITIONS

The following words and terms are defined as used in this report.

Acre-foot . The volume of water required to cover one acre one foot in
depth (U3,560 cubic feet, or 325,8^1 gallons).

AHuvium . A general term for stream-deposited, sedimentary materials,
usually of Recent geologic age.

Aquifer . A geologic formation, or zone, sufficiently permeable to yield
an appreciable supply of water to wells or springs.

Biochemical Oxygen Demand (BOD) . The amount of oxygen required by bac-
teria while stabilizing decomposable organic matter in the presence of
air.

Chemical Oxygen Demand (COD) . The amount of oxygen required to oxidize
all organic compounds (biologically stable and unstable) to carbon
dioxide and water by the action of strong oxidizing agents ixnder acid
conditions. As a result, COD values are greater than BOD values.

Confined Ground Water . A body of groimd water that is immediately
overlain by material sufficiently impervious to sever free hydraulic
connection with overlying water, and that moves under gradient or
pressure caused by the difference in head between the intake, or fore-
bay area, and the discharge area of the confined water body.

Contamination . Defined in Section 1300^ of the California Water Code:
"...an impairment of the quality of the waters of the State by sewage
or industrial waste to a degree which creates an actual hazard to public
health through poisoning or through the spread of disease.,.," Juris-
diction over matters regarding contamination rests with the California
Department of Public Health and local health officers.

Degradation . Impairment of the quality of water due to causes other
than disposal of sewage and industrial waste.

Deterioration , Impairment of water quality.

Electrical Conductance . The reciprocal of the resistance in ohms mea-
sured between opposite faces of a centimeter cube of an aqueous solution
at a temperature of 2^ degrees centigrade.

Evapotranspiration . Loss of water from the soil both by evaporation
and by transpiration from the plants growing thereon. In this report,
evapotranspiration is synonymous with consumptive use.

Fault . A fracture or fracture zone along which the two sides have been

displaced relative to each other parallel to the fracture. The displace-

ment may be a few inches or many miles.
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Field Capacity . Moistiire content of soil after drainage by gravity is
complete

.

Fresh Water . Water containing less than 1,500 parts per million total
dissolved solids.

Groimd Water . Subsurface water occurring in the zone of saturation and
moving under control of the water table slope or piezometric gradient.

Ground Water Basin . An area underlain by one or more permeable forma-

tions capable of furnishing a substantial water supply.

Ground Water Storage . That stage of the hydrologic cycle during which
water occurs as ground water in the zone of saturation, including that
part of such stage when water is passing through the zone of aeration
and entering or leaving storage.

Hydraulic Gradient . Under unconfined ground water conditions, the slope
of the profile of the water table. Under confined ground water condi-
tions, the line joining the elevations to which the water would rise
in wells if they were perforated in the aquifer.

Hydrology . The applied science concerned with the waters of the earth,

their occurrence, distribution, use and circulation through the unending

cycle of precipitation; consequent runoff, infiltration, storage, use,

and disposal; eventual evaporation; and reprecipitation. It is con-

cerned with the physical and chemical reaction of water with the rest

of the earth and its relation to the life of the earth*

Hydrology, Ground Water . The branch of hydrology that treats subsur-

face water — its occurrence, movement, and storage, its replenishment
and depletion — also, of the properties of unconsolidated materials
and rocks that control the occurrence, movement, and storage of sub-
surface water, and the method of investigation and utilization of sub-
surface water.

Impairment . A change in quality of water which makes it less suitable

for beneficial use.

Industrial Waste . Defined in Section 1300^ of the California Water
Code: "...any and all liquid or solid waste substance, not sewage, from
any producing, manufactiiring or processing operation of whatever nature..,.

Infiltration . Water passing from the surface into the soil.

Leachate . Water solution consisting of dissolved minerals and gases de-
rived from refuse deconposition through respiration reaction and from
soluble material in the refuse.

Oxidation . Chemical combination with oxygen.
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pH . The logarithm, to the base 10, of the reciprocal of the hydrogen
ion concentration, or more precisely, of the hydrogen ion activity, in

moles per liter. Distilled water (at 2^ degrees centigrade) has a pH
of 7; values less than 7 indicate acidic solutions, while values greater
than 7 indicate basic (alkaline) solutions.

Parts Per Million (ppm) . One weight of solute per million weights of
solution at a temperature of 20 degrees centigrade. For practical pur-
poses, ppm is the same as milligrams per liter (mg/1).

Perched Ground Water , Ground water separated from an iinderlying body
of ground water by unsaturated rock. Perched water belongs to a dif-
ferent zone of saturation from that occupied by the underlying ground
water, and its water table is a perched water table.

Percolation , The movement, or flow, of water through the interstices,
or pores, of a soil or other porous media.

Permeability . The permeability (or perviousness) of rock is its capa-
city for transmitting a fluid. Degree of permeability depends upon the
size and shape of the pores, the size and shape of their interconnec-
tions, and the extent of the interconnections.

Pollution . Defined in Section 1300^ of the California Water Code:

"...an impairment of the quality of the waters of the State by sewage

or industrial waste to a degree which does not create an actual hazard

to the public health but which does adversely and unreasonably affect
such waters for domestic, industrial, agricultural, navigational, rec-

reational or other beneficial use, or which does adversely and unrea-
sonably affect the ocean waters and bays of the State devoted to public

recreation." Regional Water Quality Control Boards are responsible for

prevention and abatement of pollution.

Refuse. Solid waste material resulting from normal community activity.

Sanitary Landfill . A method of disposing of refuse on land without
creating nuisances or hazards to public health or safety, by utilizing
the principles of engineering to confine the refuse to the smallest
practical volume and to cover it with a layer of earth at the conclu-
sion of each day's operation, or at such more frequent intervals as
may be necessary.

Specific Yield . The ratio of the volTme of water a saturated sediment
will yield by gravity drainage to the total volume of the sediment and
water prior to draining, customarily expressed in percent,

Syncline . A fold in rocks in which the strata dip inward from both
sides toward the axis.

Total Dissolved Solids (TDS) . The dry residue from the dissolved matter
in an aliquot of a water sample remaining after evaporation of the sam-
ple at a definite teit^jerature

.
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Transmissibility, Coefficient of . The rate of flow of water, expressed
in gallons per day, at the prevailing water temperature through each
verticle strip, one foot wide, having a height equal to the thickness
of the aquifer, and \mder a unit hydraulic gradient.

Unconfined Ground Water . Ground water that is not immediately over-
lain by impervious materials and that moves under control of the water
table slope.

Waste Water . Water that has been put to some use or uses and has been
disposed of, commonly to a sewer or wasteway. It may be liquid indus-

trial waste or sewage or both.

Water Table . The surface of ground water at atmospheric pressure in
an unconfined aquifer. This is revealed by the levels at which water
stands in wells penetrating the -unconfined aquifer.

Well . A shaft or hole sunk into the earth to obtain oil, gas, water,
etc., or for injecting fluids into the earth.
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ATTACHMENT 3

IDENTIFICATION SYSTEM AND CRITERIA USED IN REPORT

This appendix contains explanations of the sampling point identification

system and water quality criteria used in preparation of this study and

report.

Sampling Point Identification System

Wells from which samples of water or measurements to depth to ground water

have been obtained are assigned state well numbers. For these, wells

are referenced by use of the United States Public Land Survey System.

The well number consists of the township, range, and section nuiribers, a

letter to indicate the UO-acre lot in which the well is located, a number

to identify the particular well in the UO-acre lot, and a terminal letter

to indicate the base and meridian in question, i.e., H for Humboldt

Base and Meridian, M for Mount Diablo Base and Meridian, or S for San

Bernardino Base and Meridian,

Sections are subdivided into UO-acre lots as shown below. For example,

well 1S/11W-13N3 S denotes the third well to be assigned a number in Lot

N of Section 13 of Township 1 South, Range 11 West, San Bernardino Base

and Meridian.
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and necessities of his life, to irrigate the plants he uses for food or
the plants he enjoys visually and as shade, or to furnish sustenance
for the animals that provide him meat, must be of a quality fit to use.
The quality demanded for any particular use, of course, depends on the
exigencies peculiar to that use.

Many sets of guidelines by which the suitability of water may be judged
have been suggested by authorities to codify the req\iirements for water
quality for beneficial use. Included in these attempts at classifica-
tion are several terms, some of which may appear strange or confusing
to the reader; among them are standards, criteria , and objectives . Un-
fortunately, no uniform terminology has been adopted by all or even most
of those concerned with the quality of the water resource. This section
defines the terras as used in this report.

Definition of Terms

Before any discussion of water quality classification can be presented,
it is necessary to explain several terms. These are:

Standards . Standards are those values established by some regulatory
agency as obligatory limits on water quality. Perhaps the best known
of these are the United States Public Health Service Drinking Water
Standards. Equally important to any discussion of water quality cri-
teria in California are those standards established by the California
Department of Public Health. The two sets of standards differ only
slightly.

Criteria . As opposed to standards, criteria are guidelines for judging
water for a particular use. They are more general than standards and are
by no means obligatory. Criteria must be cited with reference to the
use for which a particular water source is intended as they can vary from
place to place and with a given situation. The discussion here is only
intended as a brief summary; for a more definitive work, the reader is
referred to the excellent treatise by Dr. J, E, McKee and Ho ¥» Wolfe,
entitled, 'Water Quality Criteria", to mention only one of many books
on the subject.

Objectives . Objectives refer to the level of water quality desired.
They are used most often with respect to ground water in one basin or
to surface water in a given stream, lake, bay, or area of the ocean.
Generally, objectives are goals for water quality that are thought to
be reasonable to maintain in a natural body of water, particularly one
which receives some discharge of manmade waste. It might be noted here
that use of the term objectives usually implies that the objectives have
been established by some regulatory agency. It should also be stressed
that, for effective water quality control, objectives should only be
established after due deliberation and study, and they should be reexam-
ined periodically. Objectives are dynamic and should be modified
according to changes in the environment.



Specific Uses

With the general terminolofy defined, the specific requirements for vari-

ous uses can now be examined.

rowestic Use . Water used for drinking and culinary purposes should be

clear, colorless, odorless, pleasant tasting, and free from toxic salts.

It should not contain excessive amounts of dissolved minerals and must
be free from pathogenic organisms. In addition to these physical and

bacteriological requirements, certain qualifications are generally placed

on chemical quality, either as requirements by a regulatory agency or

for comparative grading of different waters.

The 1962 Drinking Water Standards of the United States Public Health

Service are applicable only to drinking water and water supply systems

used by interstate carriers and others subject to Federal quarantine

regulations. However, they have been adopted by the entire water works

profession as minimum standards for control and are widely quoted.

The standards themselves, as promulgated, include discussions of bac-

teriological, physical, radiological, and chemical aspects. Only the

chemical aspects will be discussed here. Table 32 presents the stan-
dards} the recommended values are those which should not be exceeded

in a water supply if other more siiitable supplies are or can be made
available. The mandatory values are those which, if exceeded, con-
stitute grounds for rejection of the supply.

The standards for fluoride are related to the annual average of maximum
daily air temperatures (based on a minimum five-year record) and are

presented in Table 33* The average concentration should not exceed the

appropriate upper limit in the table. The presence of fluoride in aver-

age concentrations greater than twice the optimum values in Table 33

constitutes grounds for rejection of the supply. The standards further
state that where fluoridation is practiced, the average fluoride con-

centration shall be kept within the upper and lower control limits in

Table 33.

In California, the State Board of Public Health issues water supply
pennits in accordance with its "Interim Policy on Mineral Quality of

Drinking Water", as adopted September h, 19^9, and in accordance with
"Policy Statement and Resolutions by the State Board of Public Health
with Respect to Fluoride Ion Concentrations in Public Water Supplies",
as approved August 22, 19^8. The interim policy on mineral quality is

presented as follows:

1. Water supply permits may be issued for drinking and culinary

purposes only when the Public Health Service Drinking Water
Standards of 19[|.6l/ ^^'^ ^^^ State Board of Public Health policy
on fluorides are fully met.

1/ Author's Note: It is assumed, in the absence of any later standards
~ that the 1962 edition of the Drinking Water Standards now applies.
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TABLE 32

UNITED STATES PUBLIC HEALTH SERVICE
DRINKING WATER STANDARDS, I962



2. In view of the wide variation in opinion in this field, the

iincertainty as to the long-time health effects, the uncer-
tainty of public attitude concerning various mineral levels,
and the obvious need for further study, temporary permits
may be issued for drinking water supplies failing to meet
the Drinking Water Standards if the mineral constituents do

not exceed those listed under the heading 'Temporary Permit'
in the following table :-5«-

UPPER LIMITS OF TOTAL SOLIDS AND SELECTED MINERALS IN
DRINKING WATER AS DELIVERED TO THE CONSUMER

Temporary Permit
Permit (in milligrams per liter)

Total Solids



With respect to fluoride concentration, the State Board of Public Health
has defined the maximuin safe amounts of fluoride ion in relation to mean
annual temperature as shown in Table 3U.

TABLE 3k

CALIFORNIA STATE BOARD OF PUBLIC HEALTH,
MAXIMUM FLUORIDE ION CONCENTRATIONS

Mean annual temperature, : Mean monthly fluoride concentration,
in degrees Fahrenheit^!- : in milligrams per liter

50 1.5
60 1.0
70 - above 0.7

•jfFor temperature values between those shown in the table, the fluoride
ion concentrations may be obtained by interpolation.

The State Board of Public Health's policy on fluoride ion further states
that:

1. The concentration of the fluoride ion in public water systems,
whether added or naturally occurring, should not exceed the
fluoride ion concentrations stated in the above table.

2. In the development of new public water systems used for
drinking and culinary purposes, the above fluoride ion
concentrations shall not be exceeded,

3. In existing public water systems used for drinking and
culinary purposes in which the above fluoride ion concentra-
tions are exceeded, the fluoride ion concentration shall
be reduced to a safe level by the use of methods acceptable
to the State Department of Public Health, Exception ; In
cases where the Department determines after investigation
that it is not practicable and feasible to reduce the
fluoride ion concentration in the entire supply to a safe
level, special methods, acceptable to the State Department
of Public Health, shall be provided by the applicant to

furnish water of suitable fluoride ion concentration to
all children 10 years of age or under.

Hardness of waters varies considerably from place to place. However,
total hardness is a significant factor in the determination of the
suitability of water for domestic and industrial use. A general clas-
sification, in terms of the degree of hardness as CaC03, is presented
here. Waters for domestic use are commonly classified as follows:

0-75 mg/l soft

75 - l50 mg/l moderately hard

150 - 300 mg/l hard

300 mg/l very hard
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Levels of hardness tolerable or desirable in water used for various

industrial purposes are summari ed in the following tabulation:

Industry and process '• Smiting or recommended
: values in mg/l

Boiler feed water 2 - 80
Brewing 200 - 300
Food processing (general) 10 - 2^0
Laundering - 50
Pulp and paper making 100 - 200
Rayon cloth manufacturing 5^
Steel manufacturing 50
Synthetic rubber manufacturing 50
Textile manufacturing - $0

Agriciiltural Use . The major criteria for judging the suitability of

water for irrigation are chloride concentration, specific electrical

conductance (presented as EC x 10° at 25° C), boron concentration, and

percent sodium.

Chlorides are present in nearly all waters. They are not necessary

to plant growth, and in high concentrations cause subnormal growing

rates and burning of leaves.

Electrical conductance indicates the total dissolved solids and fur-

nishes an approximate indication of the overall mineral quality of the

water. For most waters, the total dissolved solids, measured in parts

per million (ppm), may be approximated by multiplying the electrical

conductance by 0.7. As the amount of dissolved salts in irrigation

water increases, the crop yields are reduced until, at high concentra-

tions (the value depending on the plant, type of soil, climatological

conditions, and amount of water applied), plants cannot survive.

Boron is never found in the free state, but occurs as borates or boric

acid. This element is essential in minor amounts for the growth of

many but not all plants. It is, however, extremely toxic to most

plants in higher concentrations. Limits of tolerance for most irrigated

crops vary from 0.5 to 2.0 ppm. Citrus crops, particularly lemons,

are sensitive to boron in concentrations exceeding 0.5 Ppm.

The percent sodium, as reported in analyses, is 100 times the proportion

of the sodium cation to the siim of all cations, all expressed in equiv-

alents per million (epm). Water containing a high percent sodium has

an adverse effect upon the physical structiire of soils that contain

clay by dispersing the soil colloids. This, in turn, retards the move-

ment of water and the leaching of salts, and makes the soils difficult

to work. The effect of potassium in water is similar to that of sodium.

Because of the diverse climatological conditions, crops, soils, and

irrigation practices in California, criteria that may be set up to es-
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tablish the suitability of water for irrigation must necessarily be of
a general natiore, and judgment must be used in applying these criteria
to individual cases.

Based on results of studies by Dr. L. D. Doneen, Professor of Water Science
and Engineering at the University of California at Davis, three general
classes of irrigation water have been established.

Class 1 Excellent to Good . Regarded as safe and suitable for
most plants under any condition of soil or climate.

Class 2 Good to Injurious . Regarded as possibly harmful for
certain crops under certain conditions of soil or cli-
mate, particularly in the higher range of this class.

Class 3 In.i\irious to Unsatisfactory . Regarded as probably
harmful to most crops and unsatisfactory for all but
the most tolerant.

Limiting values for concentrations of chloride, boron, specific elec-
trical conductance, and percent sodium for these three classes of irri-
gation water have been established and are shown in Table 35.

Tables 36 and 37 were extracted from U. S. Department of Agriculture
Technical Bulletin 962, "The Quality of Water for Irrigation Use, 19U8",
by L. V. Wilcox, and are presented to show the relative tolerance of
crop plants to irrigation waters containing boron. Table 38 shows the
relative tolerance of crop plants to salt.

Industrial Water Use . Criteria of quality of water for industrial pur-
poses are exceedingly difficult to ascertain. Industrial usage of water
is so varied that a single set of criteria for chemical, physical, and
bacterial requirements would be meaningless. The attempt made in Table

39 to assign approximate water quality requirements to general types
of industries is, therefore, a very general one, and the quality limits
should be considered flexible. Even criteria obtained for the industries
mentioned are not conclusive for all constituents. Water used for in-

dustrial purposes must, therefore, be considered as a raw material to

be treated, if necessary, by the user to fit individual needs.
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TABLE 35

CRITERIA FOR IRRIGATION WATERS

Factors
Class 1 -

Excellent
to good

Class 2 -

Good to

injurious

Class 3 -

Injurious to
unsatisfactory-

Specific electrical
conductance, ECxlO
at 2^0 c

Boron, mg/1

Chloride, mg/1

Percent sodium

Less than 1,000 1,000 - 3,000 More than 3,000

Less than 0,$ 0.5 - 2.0 More than 2.0

Less than 175 175 - 350 More than 350

Less than 60 60 - 75 More than 75

TABLE 36

PERMISSIBLE LIMITS OF BORON FOR
SEVERAL CLASSES OF IRRIGATION WATER

In milligrams per liter

Crop groups

Sensitive Semitolerant Tolerant

Excellent

Good

Permissible

Doubtful

Unsuitable

less than 0.33 less than 0.67 less than 1.00

0.33 to 0.67 0.67 to 1.33 1.00 to 2.00

0.67 to 1.00 1.33 to 2.00 2.00 to 3.00

1.00 to 1.25 2.00 to 2.50 3.00 to 3.75

more than 1.2^ more than 2.^0 more than 3.75
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TABLE 37

RELATIVE TOLERANCE OF CROP PLAJNTS TO BORON-»-

Sensitive to boron . Semitolerant to boron Tolerant to boron

Lemon

Grapefruit

Avocado

Orange

Thornless blackberry

Apricot

Peach

Cherry-

Persimmon

Kadota fig

Grape (Sultanina
and Malaga)

Apple

Pear

Plum

American elm

Navy bean

Jerusalem artichoke

Persian (English walnut)

Black walnut

Pecan

Lima bean

Sweet potato

Bell pepper

Tomato

Pumpkin

Zinnia

Oat

Milo

Corn

Wheat

Barley-

Olive

Ragged robin rose

Field pea

Radish

Sweet pea

Pima cotton

Acala cotton

Potato

Simflower (native)

Carrot

Lettuce

Cabbage

Turnip

Onion

Broadbean

Gladiolus

Alfalfa

Garden beet

Mangel

Sugar beet

Pajjn (Phoenix
carariensis)

Date palm
(p. dactylifera)

Asparagus

Taraarix, or athel
(Tamarix aphylla
and T. gallica)

^In each group the plants first named are considered as being more sensitive

and the last named more tolerant
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TABLE 38

RELATIVE TOLERANCE OF CROP PLANTS TO SALT-)t

Low salt tolerance Medium salt tolerance High salt tolerance

Pear

Apple

Orange

Grapefruit

Prune

Plum

Almond

Apricot

Peach

Strawberry"

Lemon

Avocado

Field bean

Radish

Celery

Meadow foxtail

Red clover

Pomegranate

Fig

Olive

Sweet com

Potato (White Rose)

Carrot

Onion

Sudan grass

Alfalfa (California common) Cotton

Rye

Wheat

Oats

Orchardgrass

Rice

Meadow fescue

Sorgh\]m (grain)

Com (field)

Flax

Sunflower

Castorbean

Date palm

Salt grass

Bermuda grass

Rescue grass

Western wheatgrass

Barley-

Sugar beet

Rape

•55-Based on Agriculture
February 195U.

Handbook No. 60, U.So Department of Agriculture.
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TABLE y)

AUcmblt llJdtt in pftrta par lUloB txctpt %.% noted

Boiler feed Mttr*
"bollT preiiure la pound* per taxitr

Production of pepT*

"

Coutltuent or property

'*99

Concrete
lxiBf»»*

Steel
ftnufftc-

turlnc*

Textile

turlng*
:and eulfMe

Total SclliU
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MINERAL ANALYSES OF
TYPICAL GROUND WATERS
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TABLE UO (cont.)

UA0U-4*2
3-15-<3
7-83-63
8-lfi-6k
12- S-&k

is/iau-9n.
3-13-63
7-a*-63

12- 9-6k
»-31-65

rs/ixw-9B2
3-13-63
7-25-63
ft-13-6*

12-9-6*
9- 1-65

is/iau-ioa.
3-13-63
7-«*-63
9-19-63
6-25-6*
8-12-6*
12-7-6*
5- *-65
9- 1-65

5-1D-62
7-2*-63
8-12-6*

12- 7-6*
9- 1-65

l;S/rUl.l2B2
3-l*-63
7-26-63
S.lB-6*
12-U-6*
8-31-65

7.

7.8
7.9
7.7
8.2

S»«citie

eon4uct-

anc*
(micro

-

mhot
01 ?5*C)

*8o
*90
*90
*91

585
630
600
615
619

550
590
530
563
583

5*0
590
526
600
590
586
570
602

555
530
5*0
58*
558

300
330
310

359
3*6

MItwol contttlucfilt In ports por inHlio)i

*.2
*.0
7.0
*.0

*.3

*.0
*.0
*.0
*.0

2.*

2.3
2.0
2.0
2.0

3.6
3.0
2.3
3.0
3.0
3.0
3.0
3.0

2.0
2.3
2.0
3.0
2.0

175
207
221
220

203

XT'.

178
175
181
168

0.2
0.2
0.2
0.*

0.2
0.2
0.1
0.1.

0.3

0.*
0.2
0.*
0.6
0.5

0.2
0.2
0.3
0.1
0.2
0.*
0.1
0.*

0.5
0.2
0.*
0.5
0.5

0.2
0.2
0.2
0.*
0.*

0.05
0.05
0.07
0.05

0.00
O.Oi
0.07
0.06
0.06

0.00
0.03
0.12
0.03
0.02

0.00
0.03
0.05
0.05
0.10
0.0*
0.06
0.02

0.00
0.03
0.07
0.02
0.00

0.00
0.08
0.05
0.05
0.03
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•30-58
1.-59
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1-59
15-59
28-59
21.-59

89-59
-80-59

-U-59
-11.-59

7-59
-25-59
.26-60

.2U-60

26-00
-U-6o
•10-61
-27-61

7.9
7.7
7."
7.1

7.5
7.7
7.5
7.3
8.3
7.8
7.6
7.7
7.5
7.5
7.5
7.6
7.3
7.5
7.6
7.7

1.15

1KX3

563

192
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